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Count Ferdinand von Zeppelin. 








Introduction and Acknowledgments 








Zeppelin: Rigid Airships 1893- 
1940 sets out to cover as con- 
cisely as possible the entire 
story of those mammoth aircraft 
which had such an_ irresistible 
appeal to both the general pub- 
lic and the technically-informed. 
Moreover, for a brief period in 
the 1920s and 1930s the rigid 
airships looked as if they might 
assume the long-distance trans- 
port task which has since been 
so decisively taken over by 
today’s large jet aircraft. Every 
one of the 163 rigid airships, of 
about fifty different types built, 
is described in detail. Included 
are the Schwarz, Upson and 
Slate metalclads, not because 
they are necessarily regarded 
as rigids but because they form 
part of the rigid airship story. 

A compact and self-contained 
episode in the history of human 
transport, this is a story that 
spans almost exactly forty years, 











providing an unusual ‘case his- 
tory’ in the evolution of technol- 
ogy. Rigids are close relations of 
pressure-airships which have 
outlived them and are still to be 
seen in small numbers, but they 
do not have more in common 
than working principles. P: 
ure-airships have never been 
able to offer a serious method of 
transport although they are in 
limited use as flying platforms 
s ing, radar antennae, 
sky signs and television camer- 
as. The rigid, on the other hand, 
most certainly tried to be ~ and 
for a while looked as though it 
might become — a great new sys- 
tem of transport. 

It failed for two reasons which 
were to some extent related. 
First, to carry a useful load, both 
as payload and as fuel for range, 
the rigid had to be impractically 
large; indeed, the larger the 
better. Second, it failed because 











of its timing. Its development 
depended on a_ light prime- 
mover so that, although in all 
other respects it might have 
been invented 120 years earlier, 
it did not appear until the inter- 
nal combustion engine made 
aeroplanes and helicopters 
practical propositions. 
Excessive was the fun- 
damental weakness of the rigid. 





Even a test vehicle had to be 
enormous and therefore wildly 


expensive as well as extraordi- 
narily difficult to handle, particu- 
larly until its pilot could gain 
experience. This could only be 
done the hard way, incurring 
even more expense. One can 
argue with some justification that 
there would have been no rigid 
airships but for that extraordi- 
nary man, Count Ferdinand von 
Zeppelin. He was imaginative 
enough, sufficiently eccentric and 
obstinate, with enough wealth 
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and influence and with the 
necessary talents and skills at 
hand, just to get the thing 
started. Even he succeeded by 
only the narrowest of margins; 
the rigid was nearly killed in in- 
fancy half a dozen times. 

The rigid airships’s large size 
was due to inescapable physical 
laws; not so much because hy- 
drogen, and later helium, were 
not light enough (even a gas of 
zero weight would have been 
only marginally better) but be- 
cause the atmosphere itself is 
not dense enough. Large size 
and associated high costs meant 
that only relatively small num- 
bers were built with a resulting 
slow accumulation of manufac- 
turing and operating experi- 
ence. Large size also meant that 
the airship was slow, clumsy and 
extremely vulnerable to  mis- 
takes in handling. With hind- 
sight, it is now possible to see 
that it had no chance of keeping 
pace, in almost any sense, with 
its far more competitive contem- 
poraries, the aeroplane and the 
helicopter. Finally, its large size 
was a dreadful handicap in the 
unruly, unpredictable and often 
hostile element in which all air- 
craft have to live. On or near the 
ground, the large airship was al- 
ways a handful, and if one were 
looking for a single reason for its 
failure, that would be it. 

This book attempts to provide 











a short, non-technical history of 
the rigid airship. The emphasis 
is on its development and on 
some of the factors which in- 
fluenced that development, 
rather than on the operational 
history of airships which has 
been most effectively covered in 
many previous books on the 
subject. Because its story cannot 
be properly understood without 
a background of some general 
history of lighter-than-air flight, 
and particularly of the pressure- 
airship, this has been sum- 
marised in the first four 
chapters, which conclude with a 
passing reference to more 
cent LTA activities. 

Those interested in the oper- 
ational history of the airship, a 


re- 


fascinating story in itself, are 
referred to the bibliography. 
Particularly recommended are 


Dr Douglas H Robinson’s The 
Zeppelin in Combat, 1912-18 and 
Giants in the Sky, Capt J A Sin- 
clair’s Airships in Peace and War, 
Capt Ernst Lehmann’s Zeppelin 
and Sir Peter Masefield’s To Ride 
the Storm. Available quantitive 
and statistical information on 
rigid airship operations is sum- 
marised in the Appendices. 

A few words of explanation 
are required about weights and 
measures, and money values 
quoted. The former are in metric 
units because the story of the 
rigid airship is largely one of 





Zeppelin progress. The photograph 
(left) of the Schaffhausen Falls on 
the Rhine was taken on 4 August, 
1908, from LZ4 during the attempt 
to achieve a 24hr flight. The LZ4 
reached Mannheim but had to make 


two forced landings and was 
wrecked at Echterdingen near 


Stuttgart on the following day. By 
contrast the LZ127 Graf Zeppelin 
(right) successfully operated sche- 
duled services between Germany and 
Brazil, only being withdrawn after 
the loss of the Hindenburg. 


technical development in — or in- 


itiated by Germany. Metric 
units are therefore the natural 
language of the subject; 
pound/feet units are given in 


brackets where appropriate and 
first in the case of British and US 
ships. The ‘hp’ abbreviation is 
used loosely for the metric 
‘pferde starke’ or ‘cheval va- 
peur’. For computation of ‘typi- 
cal gross lift’ (See Note 1A). So 
far as money values are con- 
cerned, these are always quoted 
first in contemporary values in 
the appropriate local currency 
with a computed, approximate 
present-day equivalent in  ster- 
ling, in brackets. (See Note 1) 
‘The author would like to ac- 
knowledge much help in his his- 
torical research over the years 
from Peter Amesbury, Wing Cdr 
RS Booth, Air Marshal Sir Victor 
Goddard, Thurstan James, Alec 
Lumsden, Sir Peter Masefield, 
Arnold Nayler, John Provan, 
David Sawers, Beverley Shen- 
stone, Peter Spiro, John Stroud, 
Maj P L Teed, J E Temple, Lord 
Ventry, Sir Barnes Wallis, Alex 
Wright and H B Wyn Evans. Al- 
though they, and a few others, 
have provided previously un- 
published information, my main 
sources have been published 
ones, chiefly those listed in the 
bibliography. David Sawers and 
the late Thurstan James were 
good enough to read the orig- 





and made a 


inal manuscript 
number of helpful suggestions. I 
am also most grateful to my wife 
who has done all the typing, 
much of the editing and is large- 
ly responsible for the index. 


The line drawings are the 
work of Carl G Ahremark, John 
Provan has been extremely 
helpful in providing information 
for the drawings. ‘The illustra- 
tions on pages 178-181 are re- 
produced by kind permission of 
Flight International. The photo- 
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graphic illustrations are from 
many sources acknowledged in 
the captions. Others are from the 
author’s collection or from slides 
which belonged to the late Maj J 
E M Pritchard, the first man to 
arrive in the United States by air 
from another continent. (Few of 
the millions who have flown 
there since can have heard his 
name.) Maj Pritchard, who was 
one of Britain’s airship pioneers, 
parachuted from R34 to. super- 
vise her mooring when she 





reached New York at the end of 
her historic first transatlantic 
flight in 1919. He lost his life two 
years later in the R38 disaster. 
Dugald Cameron and the Glas- 
gow School of Art were most 
helpful in copying photographs. 


PETER W BROOKS 


The Pightle, Ford 
June 1992 








Origins of 
Buoyant Flight 








Long before recorded history 
man must have thought about 
flying. His earliest ideas on the 
subject were probably in imita- 
tion of the birds, but smoke and 
clouds must also have suggested 
the idea of floating in the air, 
rather like a boat on water. 

‘There have been suggestions 
that the flying dove of Archytas 
of Tarentum (fifth century BC) 
may have been some kind of 
model balloon. However, there is 
no evidence to support this; in- 
deed, the basic idea of static lift 
was not adumbrated until about 
250BC in the Law of Archi- 
medes: ‘When a gas less dense 
than air is enclosed in a con- 
tainer, the difference between the 
density of the gas and the air it 
replaces causes the container to 
rise.’ 

Perhaps the first lighter-than- 
air device contrived by man was 


the 


Chinese flying egg trick, 
which is said to date from 200- 
100BC. In this trick, an empty 
egg-shell is made to rise briefly 
into the air by strongly heating it. 
A similar trick, but using steam 
instead of hot air in the egg-shell, 
is said to have been popular in 
Europe during the Seventeenth 
Century. 

Miniature hot-air balloons, in 
the form of large globular paper 
lanterns, are believed to hav 
been popular during the Han Dy- 
nasty in China, the period from 
202BC to AD220. The fact that 
similar model balloons, made of 
oiled paper spread over a light 
bamboo framework, were appar- 
ently flown in Cambodia and in 
northwest Yunnan Province 
(Western China) until recent 
times suggests that the technique 
of manufacturing such toys may, 
indeed, have been handed down 
over something like two thousand 
years. 

The only other report of bal- 
loons in ancient China is a curi- 





ous reference in a book by 
Amadée de Bast to a letter dated 
5 September, 1694, from a 
missionary in Canton, Father 


Vassou. This refers to a balloon 





The start of the first aerial voyage 
by human beings. Pilatre de Rozier 
and the Marquis d’Arlandes leav- 
ing the Bois de Boulogne in a 
Montgolfier hot-air balloon on 21 
November, 1783. They flew for 25 
minutes and travelled about 5!/2 
miles. 

(James Gardner for Shell) 


which ascended at the coronation 
of the Emperor Fo-Kian in Pek- 
ing in 1306. The ascent is said to 
have been recorded in authentic 
official documents. 

There are undatable traditions 
of hot-air flight (‘travelling on 
smoke’) in the Carolina Islands in 
the Pacific and by the Mysians in 
Asia Minor. According to some 
authorities, small hot-air balloons 
were used for military signalling 
in Europe from the ninth cen- 
tury. This view is based on sev- 
eral surviving illustrations of 
tethered, dragon-like objects 
flown by soldiers but these were 
more likely to have been kites or 
windsocks than balloons. 

In the thirteenth century, Al- 
bertus Magnus seems to have 
speculated about a_ bladder’s 
tendency to rise when filled with 
warm air. In the fifteenth cen- 








tury, a manuscript attributed to 
Giovanni de Fontana, refers to 
unsuccessful experiments with a 
full-size parachute-like device 
which may have been a crude 
form of hot-air balloon, 

Leonardo da Vinci (1452~ 
1519), who illustrated and dis- 
cussed most potential methods of 
flying in his notebooks, left no 
record of interest in the lighter- 
than-air principle. However, ac- 
cording to his contemporary, the 
art historian Giorgio Vasari, in 
1513 Leonardo inflated with his 
mouth wafer-thin wax figures 
which floated in the air. At about 
the same time J C_ Scaliger 
(1484-1558) suggested the use of 
goldbeaters’ skin in volant auto- 
mata but whether he had in mind 
some kind of balloon is not clear. 
In 1658 a Jesuit, Gaspar Schott 
(1608-66) wrote of the possibility 
of aerostatic flight and, in 1670, 
another Jesuit, Francesco de 
Lana-Terzi (1631-87), proposed a 
‘flying ship’ to be supported in 
the air by four evacuated copper 
or iron globes. Evacuation of the 
globes had been suggested by the 
invention of the vacuum pump 
by Otto von Guericke twenty 
years earlier. This is the first 
known design of a lighter-than- 
air flying machine, although the 
idea of evacuating lightweight 
and, therefore, inevitably thin- 
skinned metal globes was ob- 
viously impractical, A third 
Jesuit, Honorat Fabri (d.1688), 
made experiments to reproduce 
Archytas’s ‘dove’ which may have 
been based on aerostatic princi- 
ples. 

It is probable that the model 
flying machine successfully dem- 
onstrated before King John V of 
Portugal on 8 August, 1709, by a 
Brazilian priest, Fr Bartholomeu 
Laurengo de Gusmao (1685. 
1724), was a small hot-air bal- 
loon. The details which survive 
are sketchy; nor is there any ade- 
quate record of the possibly re- 
lated experiments of Gusman, 
also in Lisbon, in 1736. There is 
an unconfirmed story that de 
Gusmao attempted a manned 
hot-air balloon flight and there is 
a tradition that N Kriakoutnoi 
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Model in the Science Museum of 
Francesco Lana’s aerial carriage of 
1670. Air was to have been ex- 
hausted from the copper spheres 
and the sail was for steering. 
(Science Museum) 


made a short flight in a hot-air 
balloon at Nerekhta near Yaros- 
lavl’ in Russia in 1731. However, 
it was not until more than fifty 
years later that the first authenti- 
cated balloon flights were made, 
in France. 

Despite its earlier tentative ap- 
pearance, the practical balloon 
was in fact (as Professor J Need- 
ham has pointed out) essentially a 
product of advances in ‘pneu- 
matic chemistry’ in Europe in the 
eighteenth century. That is to 
say, it resulted from work during 
that period on the identification 
of gases and their properties. In 
contrast, the glider, as ancestor of 
the aeroplane, derived from equi- 
valent increased understanding of 
fluid mechanics in the nineteenth 
century. 

In 1766 in Britain, Henry Ca- 
vendish (1731-1810) had dis- 
covered hydrogen and established 
its low density, and Joseph Black 
(1728-99) had pointed out its re- 
sulting lifting properties in the 
following year. In 1781, ‘Tiberius 
Cavallo (1749-1809) made suc- 
cessful demonstrations with hy- 
drogen-filled soap bubbles as well 
as unsuccessful experiments with 


too-heavy animal bladders and 
too-porous paper envelopes. The 
following year, in a paper read to 
the Royal Society on 20 July, he 
suggested a hydrogen balloon. 
However, all experiments in Bri- 
tain at the time were frustrated 
by the failure to find a sufficient- 


ly light and impermeable en- 
velope material. 
In 1774, Joseph Priestley 


(1733-1804) discovered oxygen 
and shortly afterwards published 
details of his researches in Ex- 
periments and Observations on Dif- 
ferent Kinds of Air. This was 
published in France in 1776 and 
helped to stimulate practical aero- 
nautical developments in that 
country. It was Priestley’s book 
which is said to have inspired the 
first experiments by the inventors 
of the hot-air balloon. They may 
also have read another book, 
L’Art de Navigeur dans les Airs 
by Joseph Galien (1699-1762), 
first. published in Avignon in 
1755, which referred to rarified- 
air aerostats. 

In November 1782, four 
months after Cavallo had sug- 
gested a hydrogen balloon to the 


Royal Society, the first fully- 
authenticated successful experi- 
ments with model hot-air 


balloons were made in France, 
first by Joseph Montgolfier 
(1740-1810) in Avignon and then, 
a month later, in Annonay with 
his brother, Etienne (1745-99). 
The Montgolfiers progressed 
from relatively small models to 
full-scale tests with large, paper- 
lined, linen, hot-air balloons. 
‘Their first public demonstration 
was made at Annonay on 4 June, 
1783. Within six months, on 21 
November, 1783, they achieved 
the first manned free flight with 
one of these in Paris. The pilots 
on this historic occasion were 
Jean Francois Pilatre de Rozier 
(1754-85) and Francois Laurent, 
Marquis d’Arlandes (1742-1809). 
(See Note 2). 

The Montgolfier hot-air ex- 
periments immediately revived 
interest in the hydrogen balloon. 
Indeed, it was probably because 
members of the Academie Fran- 
gaise in Paris thought that the 
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First Balloon Flights 
Date Hot-Air See Place Main Crew Balloon Remarks 
or Hz below Motivator Capacity 
25.11.82 H UF Avignon Joseph none tou m Preliminary test with 
Montgolfier (35cu ft) small box balloon 
Early 12.82 H UF Vidalon Joseph none tcum Test repeated at 
Montgolfier (35cu ft) Annonay 
14.12.82 H UF Vidalon Joseph none 3cum 
Montgolfier (106cu ft) 
3.4.83 H uc Vidalon Joseph none 300cu m Globe balloon. Wind 
Montgolfier (10,594cu ft) too strong to fly 
25.4.83 H UF Vidalon Joseph none 800cu m Flew % mile 
Montgolfier (28,250cu ft) 
Early 5.83 H UC Vidalon Joseph none 800cu m 
Montgolfier (28,250cu ft) 
4.6.83 H UF — Annonay —_Joseph none 800cu m First public demon- 
Montgolfier (28,250cu ft) stration 
25.883 Hy UC Placedes JAC none 26cu m First hydrogen balloon. 
(Two ascents) Victoires Charles (920cu ft) Flew 1% miles 
26.8.83 Hy UC Placedes JAC none 26cu m 
Victoires Charles (920cu ft) 
27.883 Hy UF — Champde JAC none 33cu m Destroyed on landing 
Mars Charles (1,165cu ft) at Gonesse, Flew 15 
miles 
149.83 -H UC Reveillon Etienne none 1,000cum Destroyed in storm 
Gardens Montgolfier (35,300cu ft) during trial inflation 
189.83 H MC Reveillon Etienne none 1,400cum Replacement balloon 
Gardens — Montgolfier (49,400cu ft) 
19.9.83 H UF Versailles Etienne none 1,400cu m Animals carried on 
Montgolfier duck, cock (49,400cu ft) flight before King 
and sheep and Queen. Flew 
two miles 
12.10.83 -H MC Reveillon Etienne Etienne 2,200cum —_—First manned captive 
(Several ascents) Gardens Montgolfier__- Montgolfier___(77.700cu ft) _ flights 
15.10.83 H MC Reveillon —_ Etienne Pilatre de 2,200cu m 
(Several ascents) Gardens Montgolfier Rozier (77,700cu ft) 
17.10.83 H MC Reveillon Etienne Pilatre de 2,200cu m 
Gardens  Montgolfier_ —- Rozier (77,700cu ft) 
19.10.83 H MC Reveillon Etienne P de Rozier 2,200cu m Captive flight, first to 
(Four ascents) Gardens  Montgolfier —_G de Villette (77,700cu ft) __ carry two people 
21.11.83 HH MC La Muette Etienne Pde Rozier 2,200cum Damaged, then repaired 
Montgolfier © Fd’Arlandes —_(77,700cu ft) 
21.11.83 H MF La Muette Etienne P de Rozier 2,200cu m First manned free flight 
Montgolfier  Fd’Arlandes —_ (77,700cu ft) 
1.12.83 Hy MF Tuileries JAC JACCharles 260cum First manned free flight 
Charles and M-N (9,200cu ft) by hydrogen balloon. 
Robert Flew 27 miles 


Note: H = Hot-Air, Hy = Hydrogen, C= Captive, F = Free, M = Manned, U = Unmanned 








Chronology of Lighter-than-Air Development 









































Year Mainstream of Lighter-than-Air Development | Evolution of Rigid Airship Concept 
First balloon flights 
Meusnier designs airship 
1790 First cross-Channel balloon flight Kramp proposes cars rigid to envelope 
Baron Scott designs airship 
1800 Military captive balloon at Mauberge 
1810 Cayley proposes trout-shaped airship 
1820 Pauly and Egg build goldbeaters’ skin airship Leppich builds semi-rigid airship 
He Green introduces. coal'gas.balloon Aluminium isolated as rare metal 
31 
Green introduces trail rope 
Lennox and Le Berrier test airship Marey Monge proposes metal balloon 
1840 Lauriat builds goldbeaters’ skin balloons 
Lennox airship built 
Wise introduces ripping panel Cayley proposes sectional airship envelope 
Monck Mason flies clockwork model airship 
1850 Le Berrier flies steam model airship Dupuis Delcourt builds copper balloon 
Bell builds man-powered airship 
Giffard flies steam-powered airship Prosper Meller proposes iron rigid airship 
1860 
Lenoir gas engine runs 
Balloons in American Civil War Vannaisse builds multi gas cells model airship 
1870 Delamarine and Yon fly man-powered airship Yon designs propellers on sides of hull 
Balloons in siege of Paris Boyman patents steel rigid airship 
Haenlein flies gas engine airship Siidéy patente rigid elvahis 
Otto petrol engine runs 5 z POOR bai 
1880 A Zeppelin starts thinking about airships 
Baumgartner and Wolfert build petrol engine aa ge 
Roa Stedman proposes aluminium airship 
airship 
Tissandier flies electric engine airship Ganswindt proposes rigid airship 
1890 Renard and Krebs La France flies Schwarz proposes aluminium airship 
Wiolfert flies petrol engine airship Aluminium production starts 
Wolfert II flies Zeppelin designs “airship-train” rigid 
1900 Schwarz No.1 built 





Santos Dumont I flies 





Schwarz No.2 flies 
Zeppelin LZ1 flies 
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first reported Montgolfier experi- 
ments in distant Annonay em- 
ployed hydrogen that tests using 
the gas were started in the capi- 
tal. As a result, a distinguished 
physicist,  Jacques-Alexandre- 
Cesar Charles (1746-1823), not 
only designed the fully-practical 
gas balloon in 1783, in a form 
that was to remain largely un- 
changed for the next 200 years, 
but also hit upon the essential 
light envelope material that was 
sufficiently impermeable to hy- 
drogen gas. Construction of a hy- 
drogen balloon was made possible 
by a public subscription of 10,000 
livres (£180,000 in today’s 
values) which was launched for 
the purpose by Faujas de Saint- 
Fond (1741-1819). 

Suppliers of the envelope ma- 
terial and builders of the first hy- 
drogen balloon were the brothers 
Robert (See Note 3.) 

‘The first unmanned, free flight 
of a hydrogen balloon took place 
in Paris on 27 August, 1783. On 
1 December of the same year, J 
A C Charles and Marie-Noel the 
younger Robert, made the first 
manned free flight, only ten days 
after de Rozier’s and d’Arlandes’s 
first ascent in a hot-air balloon. 








First Balloons 








Enthusiasm about the balloon in 
the years following its invention 
led to a number of spectacular 
flights being attempted, such as 
the first air crossing of the Eng- 
lish Channel in 1785 by Jean- 
Pierre Blanchard (1753-1809) and 
John Jefferies (1744-1819). Dur- 
ing this period the spherical bal- 
loon was adopted, in captive 
form, for military reconnaissance. 
The French first used it for this 
purpose at Maubeuge in 1794, 
the year they set up their first 
military air establishment at Cha- 
lais-Meudon. (It was closed, 
however, before the end of the 
century). The earliest scientific 
observations from a balloon had 


The first air crossing of the English 
Channel. Jean-Pierre Blanchard 
and Dr Fohn Jeffries floated from 
Dover to the forest of Guines near 
Calais in a hydrogen balloon on 7 
January, 1785. 

(James Gardner for Shell) 





been made by Jefferies ten years 
before, in 1784, while the first as- 
cent made expressly for scientific 
purposes was by Etienne Gaspard 
Robertson (1763-1837) from 
Hamburg in 1803. Germany was 
also to see the first showmen 
aeronauts, men like Sickman, 
Drechster and Bittorf who used 
the balloon for entertainment 
purposes in the years 1803 to 
1810. 

Inevitably there were acci- 
dents. The first fatality occurred 
in 1785 when Pilatre de Rozier 
(the pioneer balloon pilot) and 
Jules Romain died in an attempt 
to cross the English Channel in a 
balloon which combined the hot- 
air and hydrogen principles. In 
general, however, ballooning did 
not prove as dangerous as might 
have been expected. It is a matter 
of record that there were only 16 
fatalities in the first 87 years of 
human flight in balloons, perhaps 
equivalent to one in about every 
233 ascents, or one in every 300 
hours flown. 

Although the hot-air balloon 
survived in limited use for many 
years, the disadvantages and dan- 
gers in its original form were 
such that its eclipse by the gas 








balloon was inevitable. The latter 
remained largely as first designed 
by Charles, with an open neck at 
the bottom of the envelope and a 
controllable valve at the top. A 
net covered the balloon and sup- 
ported a hoop to which the bas- 
ket was attached. The valve 
remained unchanged until 1875 
when a safer design was intro- 
duced. The Roberts’ rubberised 
silk was sometimes replaced by 
cheaper cotton cloth and there 
were variations in the type of 
elastomer used to render the ma- 
terial impervious. The most im- 
portant design improvement was 
the lowering of the hoop at the 
bottom of the net which enclosed 
the envelope. Charles had posi- 
tioned his hoop near the balloon’s 
equator and had attached the 
lines which supported the wicker- 
basket car directly to it so that 
they stretched over and therefore 
were liable to chafe the lower half 
of the envelope. Blanchard im- 
proved on this design in 1784 by 
lowering the hoop to a position 
well below the envelope and 
reducing it considerably in 
diameter. The net now ended in 
‘crow’s feet’ and lead-lines to the 
hoop and this supported the car 
close below it. The new arrange- 
ment became standard practice. 

The only other major advance 
in balloon design was the addi- 
tion of the ripping panel by the 
American aeronaut, John Wise 
(1808-79), in 1839, This enabled 
the gas to be released rapidly on 
landing so reducing dangerous 
dragging over the ground after 
touching down. Landing thus be- 
came safer, particularly in a high 
wind, 

A new, although more expens- 
ive, envelope material was intro- 
duced in the first half of the 
nineteenth century. This was 
goldbeaters’ skin, made from the 
large intestine of the ox. It 
derived its name from the fact 
that goldleaf was produced from 
mediaeval times by beating the 
gold between these skins. (See 
Note 4). The skins were first 
used for aeronautical purposes in 
toy balloons by Baron de Beau- 
manoir soon after the invention 
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British Army balloon with goldbeaters’ skin envelope. 


(Pritchard collection) 





A gas-filled balloon ascending from the Royal Aeronautical Society’s gar- 
den party at White Waltham in 1949. 
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A modern hot-air balloon. 





A German kite balloon of the 1914-18 War. 


(Pritchard collection) 


of the manned balloon. In 1816— 
17 goldbeaters’ skin appears to 
have been applied to the manu- 
facture of a full-sized envelope, 
that of the unsuccessful Dolphin. 
This was a man-powered, fish- 
shaped airship, built at Knights- 
bridge in London by Samuel J 
Pauly and Durs Egg. The en- 
velope consisted of seven layers 
of skin on top and six at the sides 
formed over a wooden mould. In 
1834 a well-known American bal- 
loonist, Louis A Lauriat (1785- 


1858), manufactured a_ full-size 
free balloon envelope in goldbeat- 
ers’ skin and thereafter the ma- 
terial seems to have been used 
occasionally until, at the instiga- 
tion of James L B Templer, it 
was adopted by the British Army 
for military balloons in 1883. (See 
Note 5). This material, usually 
multi-ply and stuck to cotton 
cloth, was later to be widely used 
for the gas cells of rigid airships. 
‘Towards the end of the nine- 
teenth century, the British Army 


achieved a significant technical 
ascendancy over other nations 
with its ballooning equipment. In 
addition to the superior goldbeat- 
ers’ skin envelopes, the British 
went over to hydrogen stored 
under pressure in steel cylinders, 
thus avoiding the need to gener- 
ate new gas every time it was re- 
quired in the field. Italian hemp 
was adopted for nets and rigging 
at this time. The British superi- 
ority ended in 1896 with the ap- 
pearance in Germany of the first 
kite-balloons which were far su- 
perior to captive spherical bal- 
loons. 

The other most important 
technical development in balloon- 
ing during the nineteenth century 
was the substitution of domestic 
coal-gas for hydrogen as the usual 
lifting agent. First suggested by 
the Belgian scientist J P Minie- 
lers, in 1784, it was not until 
commercial production and dis- 
tribution of coal-gas for domestic 
and industrial purposes started to 
become general, after about 1820, 
that the advantages of its use be- 
came obvious. In 1821 the Eng- 
lish aeronaut, Charles Green 
(1785-1870), was the first to use 
coal-gas in a balloon. Thereafter 
it was generally adopted in place 
of hydrogen despite its much 
lower lifting power. Its cheap- 
ness, general availability, lower 
diffusion rate through envelope 
materials, and higher specific heat 
which made it less susceptible to 
changes in temperature, were 
overriding advantages. Green was 
responsible in 1828 for another 
technical advance. This was the 
introduction of the trail rope, a 
heavy line lowered from the bal- 
loon before landing or used as an 
aid to low flying. Its function was 
to act as variable ballast: as the 
balloon dropped lower, more and 
more of the heavy rope rested on 
the ground thus unloading the 
balloon and slowing its descent. 

The free balloon, filled with 
hydrogen or coal-gas, remains 
technically pretty well unaltered 
to this day except that progress- 
ively improved envelope materials 
have come into use over the 
years. Cotton treated with natural 








rubber remained the most com- 
mon material into the 1920s al- 
though, as already mentioned, 
rubberised silk or the more ex- 
pensive goldbeaters’ skin was 
used for some military balloons. 
In the 1930s neoprene began to 
replace natural rubber as the elas- 
tomer; since the 1950s envelopes 
have often been made of nylon or 
Dacron treated with chemigum 
vinyl, butyl or polyurethane. 

At intervals during the first 
half of the twentieth century at- 
tempts were made to revive the 
hot-air balloon which had never, 
in fact, completely disappeared, 
It was tried several times over the 
years with various types of heat 
generator and it remained popu- 
lar with the professional show- 
men who preferred its simplicity 
and cheapness. Today hot-air 
balloons with propane burners 
have been revived on a consider- 
able scale for sporting purposes, 
particularly in the United States. 
They are, in fact, much more 
widely used now for manned as- 
cents than gas balloons. 

The 200-year history of practi- 
cal ballooning can be summarised 
as follows. First there was the in- 
itial phase of experimentation 
which lasted for a few years after 
1783. This was followed by a 
period of over 100 years during 
which the free balloon became 
primarily a source of public en- 
tertainment in the hands of a 
long series of professional aero- 
naut showmen. Interest fluctu- 
ated considerably throughout this 
period: it waned in the late 1780s, 
revived in the early 1820s, waned 
again in the later 1830s, picked 
up during the middle of the 
1800s and then gradually ex- 
panded in the second half of that 
century, particularly after mili- 
tary interest was re-stimulated by 
the use of balloons in the Ameri- 
can Civil War (1861-65) for ob- 
servation and, later, during the 
Siege of Paris (1870-71) as a 
means of transport and com- 
munication. 

Professional balloonists, who 
were numbered in hundreds, 
were primarily concerned with 
earning their living by turning 





A Caquot observation balloon dur- 
ing the 1914-18 War. 


their flights into exciting public 
spectacles. However, in the pro- 
cess these airmen accumulated 
the first substantial body of prac- 
tical experience of the air. The 
more experienced of them made 
hundreds of ascents. Quite a few 
achieved 400 to 500 flights each, 
probably accounting for 500 to 
600 hours of flying time in care- 
ers which extended over many 
years. The most experienced bal- 
loonist of all time seems to have 
been an Englishman, Henry T 
Coxwell (1819-1900), who made 
well over a thousand ascents, to- 
talling perhaps 1,400 flying hours 
in a career which lasted for more 
than 40 years. 

In addition to its use by these 
showmen, the balloon was also 
used occasionally for joy-riding, 
typically in very large captive 
form at some of the great exhibi- 
tions which first became popular 
during the nineteenth century. At 
other times during this period 
balloons were also applied to 
scientific purposes but these in- 
stances were relatively few and 
infrequent. However, ballons did 
contribute materially to man- 
kind’s advancing knowledge of 
the atmosphere, and in the pres- 
ent century they have played an 
important part in research to the 
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limits of the atmosphere, leading 
on to the exploration of space it- 
self by other means. Since 1892, 
unmanned balloons have been the 
most important in the scientific 
role. They continue, particularly 
in radio-sonde form, to be of 
great importance, notably in me- 
teorology. 

‘Towards the end of the nine- 
teenth century ballooning began 
to become popular as a sport for 
the well-to-do, Balloon competi- 
tions of various types and ascents 
for pleasure remained in vogue 
until 1914, and in fact survived to 
a limited degree between the wars 
and since. And as already noted, 
the reappearance of hot-air bal- 
loons in recent years has led to a 


tremendous expansion of the 
sport. 
In parallel with these civil 


uses, balloons have also been em- 
ployed more seriously by the 
military Services in many coun- 
tries. Their main military appli- 
cation has been in captive flying 
for observation over the battle- 
field. This is how they were first 
used by the French and how they 
continued to be used during the 
Napoleonic Wars (until Napoleon 
became disillusioned with bal- 
loons and stopped their further 
use). They were employed in the 
American Civil War, in the Fran- 
co-Prussian War and in a whole 
series of colonial wars, particular- 
ly by the British in many parts of 
the world. The spherical balloon 
was used as a captive in all these 
cases, despite its instability in the 
lightest of winds. To overcome 
this difficulty, Transon suggested 
a form of kite-balloon in 1844 
and so did Archibald Douglas 
about a year later. Alphonse Pé- 
naud (1850-1880) designed an- 
other in 1874, However, it was 
not until 1896 that the first suc- 
cessful Drachen kite-balloon was 
developed in Berlin by Maj von 
Parceval and Capt von Sigsveld 
of the Prussian Balloon Detach- 
ment. This led to many types 
of kite-balloon, including the 
French Caquot in 1916 (See Note 
6). Powered kite-balloon winches 
were also introduced at this time. 
Caquot balloons were used for 
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observation purposes during the 
First World War and as barrage 
ballons in both wars. 

Other uses of the balloon in 
war included bomb-dropping, 
first demonstrated in Berlin by 
the English aeronaut, Henry 
Coxwell, in 1848. In 1849 the 
Austrians attempted, unsuccess- 
fully, to use small unmanned hot- 
air balloons to bomb Venice. 
This technique has been at- 
tempted on a few occasions since, 
notably by the Japanese with the 
‘Fu-Go Weapons’ during the 
Second World War. ‘The Jap- 
anese despatched a total of over 
9,300 paper balloons against Ca- 
nada and the United States of 
which 235 caused incidents. Dur- 
ing an eight-month period in 
1944-45, the Americans found 
some 168 of these balloons which 
had been blown across the Pacific 
carrying anti-personnel and _ in- 
cendiary bombs. Only a few of 
them inflicted fatalities or damage 
— and these were negligible. After 
the Second World War and 
before the development of recon- 
naissance satellites, the Ameri- 
cans sent unmanned, camera- 
carrying balloons over the Soviet 
Union for strategic reconnaiss- 
ance. 

During the Siege of Paris in 
1870-71 the free balloon was 
used for transport out of the be- 
leaguered city. No less than sixty- 
six balloons carried 168 people 
out of Paris over the heads of the 
investing Prussian armies, un- 
doubtedly giving an important 
stimulus to the development of 
the dirigible balloon. 








Dirigible Balloons 








Soon after the invention of the 
balloon it became apparent that it 
was useless as a serious means of 
transport: it could be tethered or 
allowed to drift with the wind 
but there was little the aeronaut 
could do about it. True, many of 
the pioneers believed at first, and 
some continued to claim for a 
time, that they could steer and 
propel their balloons by means of 
wings, oars or similar devices, 
but actual results soon exploded 
the myth. Some experienced bal- 
loonists were able to demonstrate 
in time that they could direct the 
paths of their craft to a limited 
extent by rising or descending 
into more favourable air currents. 
A theoretically possible scheme 
for propelling balloons was put 
forward by David Bourgeois in 
1784 and was subsequently re- 
vived in various forms on a num- 
ber of occasions by different 
inventors. This was for so-called 
glide-propulsion, whereby the 
balloon was to be made to travel 
in the required direction by as- 
cending and descending rapidly 
so that the resulting vertical air- 
flow would act on suitably dis- 
posed inclined planes. It appears, 
however, that nobody was ever 
able to make this scheme work. 
In 1846 Green suggested, with 
some justification, that a combi- 
nation of trail rope and_ sails 
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Renard-Krebs’ La France of 1884 
was the first airship to fly a com- 
plete closed circuit. This was of 
4.75 miles (7.6km) flown in 23 
minutes at an average speed of 
nearly L5mph (6.5m|s). This 
pressure airship was powered by an 
8.5hp electric motor supplied by a 
battery. 

(Drawn by Peter W M Griffin. 

© 1973 Hugh Evelyn Ltd) 


might be used to deflect a balloon 
slightly from its track straight 
down-wind and this scheme was 
tried a number of times with 
limited success. However, the 
practical fact remains that the 
free balloon is useless as a means 
of transport to a predetermined 
destination. 

As a result, schemes for di- 
rigible balloons were advanced 
from the earliest days. In 1784 
Brisson proposed a dirigible be- 
fore the Académie Frangaise, and 
in the same year Jean B M Meus- 
nier (1754-93) prepared detailed 
designs for a man-powered elong- 
ated balloon incorporating a 
number of features (including 
notably the ballonet to keep the 
envelope tight if the gas pressure 
fell) which were later important 
in the practical airship. Meus- 
nier’s design did not get off the 
drawing board but, still in 1784, 
the Robert brothers did build and 
fly an elongated hydrogen bal- 
loon, under the patronage of the 
Duc de Chartres, which was in- 
tended to be propelled manually 
by oars. 

The Meusnier and Robert di- 
rigible envelopes were ovoid in 
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The Giffard steam dirigible of 
1852 was the first airship to make 
a powered controlled flight. This 
was achieved at the Hippodrome in 
Paris when this pressure airship of 
88,300cu ft (2,500 cu m) capacity 
achieved a measured speed of 6mph 
(2.7 m]s) in still air. 

(Drawn by Peter W M Griffin. 

© Hugh Evelyn Ltd) 


Lebaudy Le Jaune of 1902. 
(Science Museum) 


form with the object of reducing 
air resistance in the line of flight. 
This thinking was first carried a 
stage further by Patinho, who is 
said to have tested a fish-shaped 
balloon in Spain in 1784, The 
same envelope form was pro- 
posed by Dalberg in 1785, by 
Baron Scott in 1789 and by Sir 
George Cayley (1773-1857) in 
1809. Soon after Cayley revived 
the idea, the Pauly and Egg Dol- 
phin airship was built to this 
shape in London in 1816. How- 
ever, a satisfactory envelope was 
not by itself enough. Even more 
important was a solution to the 
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propulsion problem. The Dolphin 
had completely ineffective man- 
powered oars but it did incorpor- 


ate an ingenious method of 
control: a weight that was moy- 
able fore and aft for pitch con- 
trol. It also had a ballonet to 
regulate the gas pressure in the 
envelope. This was followed in 
1835 by Comte de Lennox’s 
L?Aigle with more sophisticated, 
but equally ineffective, flapping 
surfaces. But Cayley had shown 
the way in 1816 when he had 
suggested propellers as an alter- 
native. This idea was taken up by 
Hugh Bell in 1850 with his ‘loco- 
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motive balloon’ which had 
man-powered propellers. It was 
built and tested but, not sur- 
prisingly, proved unsuccessful. 
A more © significant manual 
propeller-powered dirigible was 
built in 1872 at the expense of 
the French Government by S C 
H L Dupuy de Léme (1816-85). 
This achieved a low speed and 
demonstrated limited control. 
Well before this, mechanical 
power had been applied through 
propellers to balloon propulsion 
with some success. Model air- 
ships, clockwork or — steam- 
powered, were flown successfully 
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The British Nulli Secundus first 
flew on 10 September, 1907. It was 
120ft long and had a gas capacity 
of 56,000cu ft (1,585cu m). 
(Pritchard collection) 


by Thomas Monck Mason 
(b.1803) and Dr Le Berrier in 
1843 and by Pierre Jullien (1804— 
76) in 1850. The last directly in- 
spired what may be described as 
the first partly successful di- 
rigible. Henri Giffard (1825-82) 
built a steam-powered 2,500cu m 
(88,300cu ft) airship in Paris in 
1852 which achieved a speed of 
2.7m/s (6mph) and clearly dem- 
onstrated that such a craft could 
be controlled in still air. 

The first airship to be fitted 
with an internal combustion en- 
gine was built in Vienna by Paul 
Haenlein (1835-1905) in 1872. 
‘The Frenchman, Etienne Lenoir, 
had invented the gas engine in 
1860 and Haenlein adopted an 
engine of that type which used 
gas from the envelope as fuel. Al- 
though an advance on the steam 
engine because it saved the 
weight of firebox and boiler, the 
gas engine was little more effi- 
cient and Haenlein’s airship was 
only partly successful, achieving a 
speed of 4m/s (9mph). 


The use of balloons in the 


Siege of Paris not only directly 
inspired the de Lome 
powered airship, already men- 
tioned, but also led in 1877 to the 
setting up by the French Govern- 
ment of the first official aeronau- 
tical research establishment in the 
world, at Chalais-Meudon near 
Paris. This was on the same site 
as the earlier military balloon 
centre which had been tempo- 
rarily organised in 1794-99. 
Charles Renard (1847-1905) was 
the moving spirit at the new es- 
tablishment and, in 1884, with 
the help of Arthur C Krebs 
(1847-1935) and with a subsidy 
of Frs 40,000 (£30,000 in 
present-day values) from Léon 
Gambetta (1838-82), he built 
an electric-powered 1,864cu_ m 
(66,000cu ft) airship called La 
France. This, for the first time, 
achieved fully-controlled powered 
flight and a speed of 6.5m/s 
(nearly 15mph). La France made 
a number of successful flights 
and clearly demonstrated that, 
with a lighter and more powerful 
engine, the airship could be made 
into a practical vehicle. Renard 
continued his experiments at 
Chalais-Meudon for many years; 
in 1903 he and a colleague, Henri 
Hervé (d.1922), conceived the 
idea of using stabilising planes at- 
tached to the aft end of the air- 


man- 





ship hull, an arrangement which 
may have been originally sug- 
gested by Frederick Marriott 
(1805-84) in 1869. 

From the appearance of the 
practical petrol engine in the 
1880s, it became clear that this 
was the prime-mover for which 
the dirigible had been waiting. 
The first airship to fly with a pe- 
trol engine (a Daimler) was built 
by the German Dr Frederich 
Hermann Wolfert (1852-97) in 
1888. This machine was only 
partly successful and, although 
Wolfert built two more petrol- 
powered airships before he was 
killed in the first fatal airship ac- 
cident in 1897, he never really 
achieved success. However, there 
were others who soon followed 
his example. In particular, in the 
year after his death, the Brazilian, 
Alberto Santos Dumont (1873- 
1932) built his first airship in 
Paris. Over the next few years 
Santos Dumont built and flew a 
whole series of little airships of 
steadily increasing effectiveness. 
His No.6 of 1901 won the 
Deutsch de la Meurthe Prize for 
a flight of 11km (7 miles) from St 
Cloud to the Eiffel Tower and 
back within half-an-hour. Two 
fatal accidents to experimental 
airships near Paris within five 
months, in 1902 (See Note 7), did 
not stop Santos Dumont who 
continued his experiments until 
he turned to heavier-than-air ma- 
chines some years later. 

Santos Dumont’s part in the 
history of airships was, however, 
more that of propagandist than of 
engineer. Technically, his  air- 
ships showed little advance on La 
France which had flown fifteen 
years earlier. His success was due 
to the fact that he was able to use 
petrol engines, whose application 
to airships had been pioneered, 
fatally, by Wolfert. 














Pressure-Airships 
At the same time as Santos 
Dumont was publicising the 


possibilities of aircraft by demon- 
strating his little aerial runabouts 
over the Paris roof-tops, a tech- 
nically more important airship 
was being developed at Moisson, 
near Mantes. This was the Le- 
baudy, designed by Henri Julliot 
(b.1855) and Don Simoni, and 
built by the sugar refiners, Le- 
baudy Fréres; the airship, popu- 








larly known as Le Jaune from its 
yellow calico envelope, was first 
flown by Georges Juchmés 
(1874-1918) on 13 November, 
1902. It was of the type which 
came to be known as semi-rigid. 
That is to say, although its gas 
was contained in a fabric en- 
velope like a balloon, it also had a 
keel member beneath the en- 
velope to distribute the weight of 
power-unit and car suspended 
from it, 

Le Jaune marked the beginning 
of practical powered human flight 
which was to be confirmed in a 
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totally different manner by the 
Wright brothers with their first 
successful aeroplane flights in the 
following year. The Lebaudy was 
powered by a 40hp Daimler p 
trol engine which gave it a speed 
of 11.2m/s (25mph), enough to 
make it a practical vehicle on 
calm days. After a series of highly 
successful flights, Le Yaune was 
flown, on 12 November, 1903, 
52km (32!/2 miles) in one hour 
forty-one minutes, from Moisson 
to Paris where it was put on pub- 
lic display in the Galerie des M: 
chines. Later, this airship was 











Two S.S. pressure-airships, one British and one American, moored in a 


wood. (Pritchard collection) 
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enlarged and modified, and fi- 
nally handed over to the French 
Army. It remained in service 
until 1909. 

With the Lebaudy, the practi- 
cal pressure-airship can be said to 
have arrived. Ever since, press- 
ure-airships have been operated 
in small numbers and have conti- 
nued to be to this day. When the 
gas contracts, pressure is main- 
tained by a ballonet, a bag within 
the main envelope which is in- 
flated with air by an engine- 
driven fan or by air scooped from 
the slipstream of the main pro- 
pulsive engine. An envelope, free 
to expand and contract with 
changes in the pressure of the 
contained gas, was tried as an al- 
ternative to a ballonet in a few 
early airships. 

During the first 90 years of 
this century, something like 900 
pressure-airships were built and 
it is estimated that they probably 
flew about 1.1 million hours. To 
put these numbers into perspec- 
tive, they should be compared 
with an estimated total of well 
over 1.5 million aeroplanes built 





An Italian 
pressure-airship. 
(Pritchard collection) 
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C.21, a C (Coastal) non-rigid air- 
ship after loss of pressure. 
(Pritchard collection) 








during the same period. These 
probably flew at least 1,200 mil- 
lion hours. It will be apparent 
from these figures that airships 
have played only a small part in 
the history of practical human 
flight; indeed, for the past 30 
years their contribution has been 
negligible even though some of 
them incorporate elements of 
relatively advanced technology. 
During the past 90 years, the 
pressure-airship has had _ three 
significant, though minor, practi- 
cal roles. The first was its mili- 
tary use in the First World War. 
Early in that war, pressure-air- 
ships were used on a small scale 
by the French and Germans and, 
later, on a much larger scale by, 
notably, the British for anti-sub- 
marine patrol. Between the wars 
and since, the Goodyear Com- 
pany in the United States (now 
part of the Loral Systems Group) 
has operated _ pressure-airships 
primarily for advertising pur- 
poses. In addition, well over a 


million passengers have been 
given local joy-rides in these 
"craft. In the 1980s, a United 


Kingdom company, Airship In- 
dustries, built and operated a 
modestly growing fleet of press- 
ure-airships. 

In the Second World War, 
pressure-airships were used by 
the US Navy for anti-submarine 
patrol out of range of hostile air- 
craft, very much on the pattern 
of the British in the First World 
War. The American operations 
continued on a more limited scale 
after the war until they were shut 
down in the early 1960s. The last 
US Navy blimp was dismantled 
in September 1962. Latterly, the 
airships were used primarily as 
radar pickets for early warning of 
the approach of potentially hostile 
aircraft and ships. 

‘The Lebaudy originally had a 
gas capacity of 2,265cu m (80,000 
cu ft). Most pressure-airships 
used in the First World War had 
capacities in the range, 1,700- 
10,200cu m_ (60,000-360,000cu 
ft). The civil blimps, operated by 
Goodyear, have been of 1,400- 
5,650cu m (50,000-200,000cu ft) 
capacity; the United States naval 
airships of the Second World 
War were mainly of about 
12,000cu m (about 425,000cu ft), 
although a few, of up to 20,500cu 
m (725,000cu ft), were also used. 
After the war the US Navy used 
small numbers of pressure-air- 
ships of 14,150-28,300cu_ m 
(500,000-1 million cu ft) capacity 
and a few of up to 42,500cu m 
(1.5 million cu ft). 

Thus, most pressure-airships 
have been small in modern air- 
craft terms. An airship of 4,250cu 
m (150,000cu ft), filled with he- 
lium, has a gross lift of about 
4,000kg (9,000Ib), and is thus 
only what would be called a light 
aircraft in today’s terminology. 
Even the few 42,500cu m (1.5 
million cu ft) giants of the US 
Navy, which were flown for only 
a short time in the late 1950s to 
early 1960s, were considerably 
lighter than the medium- 
short-haul airliners 





now carry holiday-makers, in 
their millions, from Northern 
Europe to the Mediterranean 


every summer. 
In assessing the capabilities of 
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pressure-airships, one must take 
account of the fact that these air- 
craft are slow, with a cruising 
speed of, at most, 25m/s (56 
mph) and often less. Current ad- 
vertising blimps cruise at only 
about 15m/s (35mph). ‘This speed 
is much too low for serious trans- 
port purposes. Average wind 
speeds (See Note 8) experienced 
at most times of the year, all over 
the world, are such that an air 
speed of 25m/s is too low for 
regular operations. Indeed, ex- 
perience has shown that, in prac- 
tice, the modern blimp _ is 
prevented from operating at all in 
winds of more than about 10m/s 
(23mph). Operations with aero- 
planes established, from the 
1930s, that cruising speeds of 








Airship Industries. Skyship 600, 
G-SKSC, which made its first 
flight, at Cardington, on 6 March, 
1984. (Courtesy Airship Industries) 


75m/s (167mph) are about the 
minimum at which regular, econ- 
omic scheduled air transport 
becomes possible. There is no 
prospect, at present, of airships 
achieving such speeds. Even the 
helicopter has barely done so, as 
yet. 

Aircraft not used for transport 
still need adequate speed and 
range to reach and return from 
their missions’ objectives. With- 
out this capability, airships are 
poorly qualified to tackle most 
tasks, military or civil. 





Numbers of Pressure-Airships Built 














Country Pre-1914 1914-1920 1920-1945 From 1945 Totals 
Austria 9 9 
Belgium 4 - 4 
France 60 67 7 3 137 
Germany 40 5 3 6 54 
Ttaly 15 16 6 ~ 37 
Japan 5 1 5 1 12 
Netherlands 1 = - 1 
18 ~ 19 4 41 
2 1 3 1 7 
United Kingdom 27 198 2 12 239 
United States 25 46 218 68 357 
‘Totals 206 334 263 95 898 
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Mainstream of Lighter-than- Air Development 





1780-89 1790-99 


1800-09 1810-19 1820-29 


1830-39 








First balloon Military captive 


Cayley proposes Pauly and Egg _ Green introduces 


Lennox and Le 





flights balloon at trout-shaped build gold- coal gas balloon Berrier test airship 
Meusnier Maubeuge airship beaters’ skin Green introduces Lauriat builds 
designs airship airship trail rope gold beaters’ 
First cross- skin balloons 
Channel balloon Lennox airship 
flight built 
Baron Scott Wise introduces 
designs airship ripping panel 
1840-49 1850-59 1860-69 1870-79 1880-89 1890-1900 





Monck Mason. Bell builds man- 


Baumgartner and 
Wolfert build 


Lenoir gas engine Balloons in siege 
of Paris 


Wolfert II flies 
Santos Dumont I 

















flies clockwork powered airship —_ runs 
model airship Giffard flies Balloons in Haenlein flies gas _ petrol engine flies 
Le Berrier flies steam-powered American Civil engine airship airship 
steam model airship War Otto petrol Tissandier flies 
airship Delamarine and engine runs electric engine 
Yon fly man- airship 
powered airship Renard and 
Krebs La 
France flies 
Wolfert flies 
petrol engine 
airship 
Evolution of Rigid Airship Concept 
1780-89 1790-99 1800-09 1810-19 1820-29 1830-39 
Kramp proposes Leppich builds Aluminium Marey Monge 
cars rigid to semi-rigid isolated as rare proposes metal 
envelope airship metal balloon 
Cayley proposes 
sectional airship 
envelope 
1840-49 1850-59 1860-69 1870-79 1880-89 1890-1900 
Depuis-Delcourt Prosper Meller Vannaisse builds Spiess patents Ganswindt Zeppelin 
builds copper proposes iron multi gas cells rigid airship proposes rigid designs airship 
balloon rigid airship model airship Zeppelin starts airship — ‘Train’ rigid 
Yon designs thinking about Schwarz proposes Schwarz No.1 
propellers on airships aluminium built 
sides of hull Stedman pro- airship Schwarz No.2 
Boyman patents _ poses aluminium Aluminium pro- __ flies 
steel rigid airship duction starts Zeppelin LZ1 
flies 


airship 

















Rigid Airship 
Concept 








The idea of stiffening the main 
gas envelope of a pressure-airship 
with a structural keel (the so- 
called semi-rigid) was first put 
forward in an unsuccessful design 
built by the German Leppich for 
the Russian Government in 1812. 
As already mentioned, this prin- 
ciple was later used to good effect 
by Julliot in the first practical 
Lebaudy airship in 1902. Much 
earlier, in 1785, Professor Kramp 
had suggested that airship cars 
should be rigidly attached to the 
hull, In 1831, Edmond Marey 
Monge had proposed a metal va- 
cuum balloon, harking back to 
the impractical design of de Lana 
and, in 1834-44, J F Dupuis- 
Delcourt (1862-64), built an un- 
successful copper __ spherical 
balloon. Although not flown, be- 





In the latter country, this was to 
be important because of its in- 
fluence on the development of 
the rigid airship. 

An aristocratic and wealthy 
German cavalry general, Count 
Ferdinand Adolf August Hein- 
rich von Zeppelin (1838-1917), 
who had been interested in bal- 
looning since 1863 (See Note 10), 
began to think seriously about 
airships in 1874. His interest was 





cause of the difficulties of infla- 
tion, this metal envelope of Du- 
puis-Delcourt (who seems to 
have associated with Marey 
Monge in the enterprise) was a 
considerable technical achieve- 
ment for its time. The copper 


sheet was an eighth of a 
millimetre thick (0.005in) and. 
the envelope 10m (32.8ft) in 


diameter, It weighed 400kg (8801b) 
and would have had a gross lift, 
filled with hydrogen, of about 
615kg (1,3601b). 

‘These designs had metal en- 
velopes because of the difficulty 
of finding a lighter, sufficiently 
impermeable material. However, 
other experimenters thought in 
terms of metal because they vis- 
ualised airships with rigid hulls. 
In 1851, Prosper Meller proposed 
a large rigid in Bordeaux. His de- 
sign was for a large cylindrical 
hull 200m (656ft) long and 40m 
(131ft) in diameter with conical 
ends. It was to be covered either 
in cloth or sheet iron and to in- 
corporate a car movable fore and 
aft on cables for pitch control. In 
1886, R B Boyman patented the 


first aroused by reading a pamph- 
let by the German Postmaster- 
General, Heinrich von Stephan, 
entitled International Post and 
Aviation (published in ‘Berlin in 
1873). 

Initially, Zeppelin was inter- 
ested in airships for civil pur- 
poses but soon he began to think 
of them mainly in military terms. 
Strongly patriotic, he was con- 
vinced that Germany needed 
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design of an even larger (403m or 
1,322ft long) rigid airship to be 
made of steel. He improved his 
design two years later. The hull 
of the Boyman airship was to be 
built of internally-braced metal 
rings with covering of sheet met- 
al. In 1873, the Alsatian, Joseph 
Spiess, patented in Paris a crude 
design for a rigid, incorporating a 
number of separate gas cells (See 
Note 9) an idea which had been 
advocated by Sir George Cayley 
in 1837 and adopted in model 
form by H Vannaisse in 1863. 
Spiess had taken out another pat- 
ent, this time in Germany, in 
1895. 

‘The 1870s saw the setting-up 
of Government committees in 
several countries to study the 
military possibilities of aeronaut- 
ics. This was followed, within a 
few years, by the creation of 
Government aeronautical __re- 
search establishments in France, 
Britain, Germany and Russia. 
Official interest in aerostation 
stimulated the design of airships, 
particularly in France, as already 
recounted, and also in Germany. 


Count Zeppelin’s airship train pro- 
posal of 1895, with twin-engined 
power section and two trailers. 
(Pritchard collection) 


rigid airships to hold her own 
against France whom he saw as a 
potential enemy. He may well 
have been inspired by Spiess’s 
1873 patent, already mentioned, 
and he is reported to have been 
influenced later by the thinking 
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The develop- 
ment of the 
rigid airship. 














of another Alsatian, Klein, who 
proposed a rigid airship in 1885. 
A further influence must have 
been the German, H Ganswindt 
(1856-1934). He published a 
book in 1884 in which he de- 
scribed the design of a large air- 
ship with a cylindrical hull, 152m 
(500ft) long and 15m (49.2ft) in 
diameter, which he had patented 
the previous year. 

Ganswindt also probably in- 
fluenced David Schwarz (1845- 
97), a former Dalmatian timber 
merchant from Zagreb, then 
called Agram (in what is now 
Yugoslavia). He later worked in 
an aluminium factory and, in 
1885, proposed a design of rigid 
airship to be built of this metal. 
Some years later he submitted his 
proposals to the Austro-Hunga- 
rian War Ministry in Vienna. 
Schwarz advocated the use of 
straight aluminium (not an alloy 
as later became common for air- 
craft) as his main structural ma- 
terial and would also use the 
same material for the covering of 
the gas container. An American, 
Edmund C Stedman, had first 
suggested aluminium for airships 
in 1879. There are, however, un- 
confirmed reports that Schwarz 
used a ‘Viktoria’ aluminium alloy 
of unknown composition. 

Aluminium had been isolated 
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as a rare metal in 1827 but did 
not become commercially avail- 
able until the late 1880s following 
discovery, simultaneously by Hall 
in the USA and by Héroult in 
France, of the electrolytic process 
for its manufacture. The Austro- 
Hungarian authorities took their 
time evaluating Schwarz’s propo- 
sals but finally turned them down 
in 1890. 

Meanwhile, Zeppelin had been 
developing his ideas. In 1877, he 
had proposed the use of airscrews 
on a vertical axis to control an 
airship in climb and descent, an 
idea which strangely enough was 
never to be used on a Zeppelin 
even though swivelling propellers 
were tried on several British air- 
ships and became a feature of the 
last two American rigids of the 
1930s. Ten years later, in 1887, 
Zeppelin advocated the develop- 
ment of dirigibles to King Char- 
les V of Wiirttemberg. In 1890, 
at the age of 52, he retired from 
the army and hired an engineer, 
named Gross, to work with him 
full-time on his ideas. In June 
1891, he put forward his first 
proposals for a rigid airship to 
the Prussian General Staff. At 
this stage, Zeppelin’s design 
seems to have been a train of 
rigid airships consisting of a 
prime-mover powered by two 11 




















hp Daimler petrol engines flex- 
ibly coupled to two trailing sec- 
tions, each capable of carrying a 
500kg (1,100Ib) useful load. The 
prime-mover could fly alone but 
would not normally do so. Each 
section consisted of a fabric- 
covered cylindrical rigid structure 
built of seamless aluminium 
tubes joining aluminium discs. 
The discs separated a number of 
bays, each of which contained a 
gas cell. The design speed was 
20m/s (45mph). Zeppelin’s pro- 
posals were studied by Capt 
Georg von Tschudi, the Com- 
manding Officer of the Prussian 
Balloon Corps based at Tempel- 
hof, but they were not taken up 
officially at this time. 

Later, in 1891, Gross had a 
disagreement with his employer 
and left. He was succeeded in 
May 1892 by Dr Theodor Kober 
(1865-1930), an engineer from 
the Riedinger balloon firm in 
Augsburg. In the latter part of 
1893, Zeppelin and Kober pro- 
duced an improved version of the 
train design which was finally 
patented on 31 August, 1895. 
Well before this, in the latter part 
of 1893, the Prussian War Minis- 
try agreed to Zeppelin’s sugges- 
tion that these proposals should 
be evaluated by a German Gov- 
ernment aeronautical commission. 











Schwarz and 
Zeppelin 








In 1892, following discussions 
with the Russian military attaché 
in Vienna, David Schwarz was 
engaged by the Russian Govern- 
ment to build his hip in a new 
hangar then under construction 
at Volkhov near St Petersburg 
(later Leningrad). The well-known 
Russian aeronautical and space 
pioneer, K E Ziolkovski (1857- 
1935), had himself proposed a 
metal-covered airship design in 
1885 and had done wind-tunnel 
tests on a model in 1891. He 
published proposals in 1892 at 
about the time Schwarz came to 
Russia. It is not known to what 
extent, if at all, the work of the 
two men was connected. Ziolkov- 
ski visualised an expansible saus- 
age-shaped envelope which would 
have been structurally difficult to 
build and make work but which 
would probably have coped satis- 
factorily with the problem of gas 
expansion and contraction with 
changes in height and tempera- 
ture. Schwarz employed a rigid 
envelope which depended on an 
automatic valve to let out the gas 
as it expanded and, presumably, 
although no record of this has 
survived, some form of air bal- 
lonet or valve to provide for the 
admission of air into the hull to 
prevent its collapse when the gas 
contracted. It is just possible, 
however, that the Schwarz hulls 
were themselves intended to be 
expandible and that this was the 











reason for both being slightly 
oval, rather than circular, in 
cross-section. On 23 August, 


1892, before leaving for Russia, 
Schwarz signed an agreement 
with Carl Berg, the aluminium 
manufacturer, for the design, 
manufacture and delivery to St 
Petersburg via Vienna, of the 
components and other materials 
required for the airship. 

In appearance the Schwarz de- 





sign was not greatly different 
from Zeppelin’s prime-mover ex- 
cept that the wire-braced tubular 
lattice girder and tubular alumi- 
nium structure was covered with 
thin aluminium sheet instead of 
fabric. Capacity was 4,545cu m 
(160,590cu ft) and the gross lift 
4,700kg (10,3601b). The power- 
unit was a single 12hp Daimler 
petrol engine. Because the gas 
was to be contained directly with- 
in the metal hull, it was obviously 
difficult to fill. When the airship 
was completed in 1893, it seems 
that this was done by having ex- 
pendable bags in the hull which 
were filled with gas. When the 
bags were full, all air had been 
expelled from the hull. The bags 
were then pulled to pieces and 
removed. Unfortunately, during 
this process the internal bracing 
wires were damaged and the hull 
collapsed. 

After this failure, Schwarz re- 
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The Schwarz No.2 at Berlin. 
(Popular Flying) 


David Schwarz. 
(Popular Flying) 


turned to Vienna and submitted 
his design to the Prussian 
authorities. Thus it was that 
Schwarz’s and Zeppelin’s designs 
were evaluated side-by-side by 
the German Government’s aero- 
nautical commission in 1894. 
Under the chairmanship of the 
distinguished physicist, Professor 
Hermann L~ von Helmholtz 
(b.1821), who died in that year, 
the commission decided that 
Schwarz’s design was the more 
promising and recommended that 
the German Government should 
sponsor its development at the 


aeronautical establishment at 
Tempelhof. If the design were 
successful, the Government 
agreed to buy it for 300,000 


marks (about £260,000 in pres- 
ent-day values), 

Work started in the balloon 
shed at Tempelhof late in 1895. 
The structure of this second 
Schwarz airship seems to have 
been a considerable advance on 
the first. It was about 20 per cent 
smaller, having a capacity of 
3,700cu m (130,664cu ft), with a 
gross lift of 3,680kg (8,1131b). 
The design was apparently large- 
ly in the hands of two German 
engineers, Weisspfennig and von 
Watzesch-Walbach, and seems to 
have been mainly, or perhaps 
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Zeppelin LZ1 in its floating shed at Manzell on Bodensee. 





Count Zeppelin in the control car of LZ1 


even entirely, financed by their 
employer Carl Berg (1851-1906), 
a prominent Westphalian indus- 
trialist who played a large part in 
the early commercial production 
of aluminium. He supplied all the 
material required for the airship. 
(See Note 11) Berg’s engineers 
also contributed to the design and 
manufacture of the longitudinal 
lattice girders and tubular frames 
of which the airship was built. 
The aluminium-sheet covering, 
which was riveted to the frame- 
work, was only a fifth of a 
millimetre (0.008in) thick. Unfor- 


tunately, Schwarz died on 13 
January, 1897, but the airship 
was completed later that year. It 
had cost 200,000 marks (about 
£170,000 in present-day values). 
At the suggestion of Capt R M 
W H Bartsch von Sigsfeld (1861— 
1902), the co-inventor of the 
Drachen kite-balloon, the infla- 
tion problem which had led to 
the premature destruction of the 
first Schwarz airship was over- 
come by adopting exactly the 
reverse of the procedure used in 
St Petersburg. On this occasion 
fitted bags within the hull were 





inflated with air. Gas was then 
introduced between the outer 
skin and the bags thus expelling 
the air. The bags were then 
ripped and removed. The system 
seems to have worked surprising- 
ly well because filling was com- 
pleted in only three-and-a-half 
hours. Again no record survives 
of an air ballonet or of any ar- 
rangement for admitting air to 
the hull when the gas contracted. 
The hull was of the same oval 
section, 14m (45ft 1lin) deep by 
12m (39ft 41/2in) wide, as the 
first airship. It, too, may have 
been intended to be free to ex- 
pand or contract slightly under 
changes in gas pressure. 

Other features of the Schwarz 
airships were significant. The car 
was rigidly attached to the hull 
by lattice girders, an arrangement 
first tried on a pressure-airship in 
1886 by Wolfert at Tempelhof. 


No.2’s engine, again a 12hp 
Daimler, was mounted in the 
car and drove three airscrews 


through belts, perhaps the wea- 
kest feature of the entire design. 
Two 2m (6ft 6in) diameter air- 
screws were for propulsion and 
were mounted as tractors on 
brackets fixed high on each side 
of the hull. This was an arrange- 
ment first proposed by Gabriel 
Yon in his airship project of 1864 
and was intended to bring the 
line of thrust as near as possible 
to the centre of drag. It was also 
adopted by Zeppelin and Gross 
in their ‘airship-train’ project. 
The third propeller, 2.75m (9ft) 
in diameter, was mounted as a 
pusher at the rear of the car and 
was arranged to swing about a 
vertical axis under the control of 
the pilot so that it could be used 
as a rudder. Originally — as pre- 
viously advocated by Wolfert — a 
fourth propeller was to rotate in a 
horizontal plane below the gon- 
dola. This was apparently in- 
tended to provide vertical lift but 
was not fitted for the first flight. 
The hull had a conical nose and a 
blunt, slightly convex, stern. 
After a test as a tethered bal- 
loon, the Schwarz airship No.2 
was flown for the first and last 
time on 3 November, 1897. The 





The ZMC-2 Metalclad. 


audience at Tempelhof that day 
did not include Count Zeppelin 
contrary to some reports. The 
airship was piloted by Ernst 
Jaegels, Schwarz’s chief engineer. 
It rose into the air with its engine 
running but did not give any evi- 
dence of being controllable in a 
brisk 7.5m/s (16.77mph)  east- 
southeast wind. Almost at once 
trouble arose with the belt drives 
to the propellers and, after drift- 
ing four miles and reaching a 
height of about 250m (820ft), it 
landed heavily and was broken up 
by the wind. 

So ends the Schwarz story. 
But it was not quite the end of 
the metal-clad airship. In the 
early 1920s, an American, Ralph 
H Upson (1888-1968), promoted 
a design similar in principle to 
that of Schwarz, having its gas 
contained directly within its met- 
al envelope. The main differences 
were that the later ship was made 
of duralumin, covered with Al- 
clad sheet, and was of better 
aerodynamic shape. It had in- 
numerable detailed improve- 
ments. Upson’s design was taken 


up by a specially formed com- 
pany, the Airship Development 


Corporation, which eventually 
built a single airship (the ZMC- 
2) to this design for the US 
Navy. The airship remained in 
service for 12 years after its first 
flight on 19 August, 1929, and 
was rated a complete success. 
But, as no further examples were 
ordered, it must have been less 
satisfactory than equivalent fab- 
ric-envelope ships. One other 
metal-clad airship, the Slate City 
of Glendale, was built, also in the 
United States, between 1927 and 
1931. It was not a success; al- 
though flown as a tethered bal- 
loon, its steam powerplant was 
never installed. (See Note 12) 

The metal-clad airship, with 
its gas contained directly in its 
hull, proved to be a dead end, 
but there is no doubt that the two 
Schwarz designs were the starting 
point from which Zeppelin, at the 
turn of the century, developed 
the rather different true rigid air- 
ship which was to survive for 
nearly 40 years. 

Although  Zeppelin’s _ train 
design was rejected by the aero- 
nautical commission in 1894 and 
he was unsuccessful in an attempt 
to join Schwarz when his rival’s 
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design was selected for official 
sponsorship, the commission 
seems to have been both inter- 
ested in and impressed by 
Zeppelin’s ideas and made a 
number of constructive sugges- 
tions. These were sent to the 
Count in a letter from the War 
Ministry in August 1894 and in- 
cluded the crucial proposals that 
a single cigar-shaped hull should 
be adopted and that this should 
incorporate the principle of the 
Schwedlar cupola, in place of 
Zeppelin’s earlier discs, between 
each bay. The Schwedlar cupola 
(a simple wire-braced polygonal 
ring which was to act as the main 
structural member spaced at in- 
tervals along the length of the 
hull and linked by a cage of long- 
itudinals) was the key to the suc- 
cessful and definitive rigid airship 
design which Zeppelin and Theo- 
dor Kober now developed. The 
key suggestion came from one of 
the members of the commis- 
sion, Professor Miuller-Breslau. 
It turned the Zeppelin design of 
rigid airship hull into one of the 
classic three-dimensional frame 
structures of all time. Significant- 
ly, this was a field of engineering 
in which the Germans (Mohr, the 
two Ritters and Miller-Breslau) 
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The Slate City of Glendale. 


led the world in the second half 
of the nineteenth century. 

While the Schwarz airship was 
being built in Berlin, Zeppelin 
and Kober continued their design 
work in Stuttgart and produced a 
final layout incorporating these 
new ideas. It was patented on 28 
December, 1897. Earlier in the 
same month, soon after the 
destruction of the Schwarz air- 
ship, Zeppelin purchased all the 
Schwarz design rights, patents, 
etc, from the pioneer’s widow. 
Under the terms of this deal, 
Zeppelin made an immediate 
payment of 15,000 marks (£13,000 
in present-day values) and agreed 
to pay a royalty of 10,000 marks 
(£9,000) on each of the first 
thirty Zeppelins built. Melanie 
Schwarz would, therefore, pres- 
umably have received a total of 
some 315,000 marks (£260,000) 
from the Zeppelin Company over 
the following seventeen years, 
had Zeppelin not been released 
from this commitment when his 
company went bankrupt in No- 
vember 1900. 

Although he had now arrived 
at a finalised and_ potentially 
practical design, Zeppelin was 
still a long way from turning this 
into a workable airship. Indeed, it 
appears from the fact that he was 
still taking out airship-train pat- 








ents in England in 1898, that his 
intention may even then have 
been to use his latest design as 
prime-mover of a train of airship 
hulls. Alternatively, he may have 
been m y trying to mislead the 
competition. Although the Kaiser 
had made him a small grant of 
6,000 marks (£5,200 in present- 
day values) early in 1895, in re- 
compense for what he had spent 
on his project work up to that 
time, Zeppelin had not yet won 
any significant support for his 
ideas. Both Berg, who had fin- 
anced Schwarz, and the Daimler 
company, with whose engines 
Zeppelin had made experiments 
in airscrew propulsion from 1892, 
were interested, but neither was 
prepared to put up the money re- 
quired which, in 1896, Zeppelin 
estimated at 300,000 marks 
(£260,000). 

The turning point seems to 
have been reached in December 
1896 when the influential Union 
of German Engineers came out 
strongly in favour of Zeppelin’s 
proposals. This did not produce 
immediate results but, combined 
with support from an increasing 
number of important people, it 
eventually helped Zeppelin to 
form, in May 1898, a joint stock 
company ‘for the promotion of 
air navigation with dirigibles’. 
This company had a capital of 
800,000 marks (£700,000) of 





which Zeppelin himself sub- 
scribed 52!/2 per cent. Operations 
started later that year on a site at 
Manzell on the shore of Lake 
Constance (Bodensee) not far 
from Zeppelin’s birthplace near 
the town of Constance which was 
provided at nominal rent by Zep- 
pelin’s friend and Sovereign, 
King Charles of Wurttemberg. 

Although he apparently did 
not watch the abortive test of the 
Schwarz — he is reported to have 
been in Riga at the time — Zep- 
pelin must have been impressed 
by accounts of that airship strik- 
ing the ground heavily at the end 
of her abortive flight. As a result, 
he appears to have decided to fly 
his airship from the surface of 
Lake Constance. A large hangar 
on 95 pontoons, designed by a 
Stuttgart architect, Tafel, was 
therefore built and moored at 
Manzell. The hangar was a tech- 
nical achievement in itself, in- 
corporating workshops, _ stores, 
offices, and even sleeping accom- 
modation for night-watchmen. 
It cost about 200,000 marks 
(£170,000) and had the great ad- 
vantage that it could be turned 
into the prevailing wind when the 
airship was moved in and out on 
a separate raft of pontoons. In 
every other respect, however, it 
proved unsatisfactory. Experience 
was to show that the use of float- 
ing hangars for the construction 
of the first five Zeppelins was a 
mistake and undoubtedly — in- 
creased the already considerable 
costs and difficulties. 


Schwarz No.1 

Manufacturer: Russian Govern- 
ment 

Built at Volkhov near St Peters- 
burg 

Number built: one 

Chief designers: D Schwarz and 
Ing Tenzer (at Leidenscheid) 

Main structural material: alumi- 
nium or Viktoria aluminium alloy 

Design began: 23 August, 1892 

Construction completed: 27 Au- 
gust, 1894 

Powerplant: 12hp Daimler 
P1896 two-cylinder inline engine 

Gas capacity (100 per cent infla- 
tion): 4,545cu m 


one 











Overall length: 53.3m 
Section: 14m high, 12m wide 
Spacing of main frames: 1.5m. 
Fineness ratio; 3.81-4.44 
Number of gas cells: one 
Number of main longitudinals: 10 
Design empty weight: 4,695kg 
Typical design gross lift: 5,270kg 
(1.16kg/cu m) 
‘Typical disposable load: 575kg 
Crew: one 
Performance estimates not avail- 
able 
The Schwarz No.1 did not fly and 
was broken up on 7 February, 1897* 


* Dates quoted in data for the breaking up or 
dismantling of airships are the dates on which 
work began. 


Schwarz No.2 

Manufacturer: 
Detachment 

Built at Tempelhof, Berlin 

Number built: one 

Chief designers: S Weisspfennig 
and M von Watzesch-Waldbach 

Main structural material: alumi- 
nium or Viktoria aluminium alloy 

Design began: November 1895 

First flight: 3 November, 1897 

Powerplant: one 12hp Daimler 
P1896 two-cylinder inline engine 

Gas capacity (100 per cent infla- 
tion): 3,700cu m 

Overall length: 47.5m 

Section: 14m high, 12m wide 

Spacing of main frames: 3.5m 

Fineness ratio: 3.39-3.96 

Number of gas cells: one 

Number of main longitudinals: 16 

Design empty weight: 3,560kg 


Prussian Airship 





Typical design gross lift: 4,300kg 
(1.16kg/cu m) 

Typical disposable load: 740kg 

Crew: one 

Design maximum speed: 7.5m/s 
(16.77mph) 

Design cruising 
(14.5mph) 

Cost: DM300,000 


speed: 6,5m/s 


Crashed after a few minutes on 
first flight on 3 November, 1897 


Metalclad ZMC-2 

Manufacturer: Airship Develop- 
ment Corporation 

Built at Grosse He, Detroit, Mi- 
chigan 

Number built: one 

Chief designer: R H Upson 

Main structural material: 
ralumin and Alclad 

Design began: August 1926 

First flight: 19 August, 1929 

Powerplant: two 220hp Wright J-5 


du- 
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Whirlwind nine-cylinder air-cooled 
radial engines 

Gas capacity (100 per cent infla- 
tion): 202,000cu ft (5,720cu m) 

Overall length: 149ft Sin (45.54m) 

Maximum diameter: 52ft 8in 
(16m) 

Fineness ratio: 2.83 

Number of gas cells: one 

Number of frames: 15 including 
five main frames. 

Number of main longitudinals: 24 

Empty weight: 9,116lIb (4,135kg) 

Typical gross lift: 13,613Ib (6,175 
kg) (Helium) (1.079kg/cu m) 

Typical disposable load: 2,040kg 

Maximum fuel: 1,256lb (570kg) 

Crew: three 

Maximum speed: 61.96 mph (27.7 
m/sec) 

Maximum range: 683 miles (1,100 
km) 

Last flight: 19 August, 1939 

Hours flown: 2,256hr 30min 

The ZMC-2 was broken up on 17 
June, 1941 





Airship Development Corporation Metalclad ZMC-2 
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Zeppelins LZ1 
and LZ2 








Detailed design of the first Zep- 
pelin, LZ1, started in 1898. 
Kober was soon joined by a 
young engineer, Ludwig Durr 
(1878-1956), whom he originally 
hired in Stuttgart to undertake 
the stress calculations for LZ1’s 
structure but who became the key 
technical figure throughout the 
entire Zeppelin story. Design of 
this first airship was largely 
Kober’s work, assisted by Durr 
and two others. However, Berg’s 
engineers at the aluminium com- 
pany, profiting from their pre- 
vious experience on the Schwarz 
airship, again helped with both 
design and manufacture of the 
structural elements which were 
shipped by train from the Berg 
factory at Eveking to Manzell. 
Berg was able to help Zeppelin in 
this way only after negotiating 
with Schwarz’s widow for release 
from an agreement which he had 
entered into with Schwarz for the 
exclusive supply of aluminium 
airship components. 

According to contemporary re- 
ports, the Schwarz was made of 








unalloyed aluminium, although 
an unidentified ‘Viktoria’ alloy is 
also mentioned. The LZ1 was 


constructed of an early alumi- 
nium-zine alloy. This metal, in 
progressively improved form, was 
later to be used for all the Zeppe- 
lins built up to 1914. Metal sal- 
vaged from the Schwarz was said 
to have been used for the manu- 
facture of the structure of LZ1, 
so either the Schwarz was made 
of the same alloy or, more likely, 
the salvaged aluminium was used 
to make the alloy for the Zep- 
pelin. : 

Construction of LZ1 started in 
April 1899 with a labour force of 
about 30 men under the direction 
of Dipl Ing Kubler, who joined 
the company as works manager. 
The main structural assembly 





The first Zeppelin, LZ1, in original form with suspended weight for pitch 


control. 


LZ1 under construction. 


stage was reached early in No- 
vember and was completed in the 
spring of the following year. The 
construction programme was de- 
layed by the floating hangar 
breaking from its moorings in 
July 1899 and again in January 





1900. On the first occasion it was 
towed back without serious dam- 
age but on the second it was 
driven ashore and remained 
stranded until the water level in 
Lake Constance rose in the 
spring. As a result, completion of 
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the airship was delayed more 
than six months. Repairs to the 
hangar are said to have cost near- 
ly 100,000 marks (£90,000). 

Fitting and installing the 17 
gas cells caused much difficulty 
but even so they were ready for 
inflation by the middle of June 
1900, when the hydrogen arrived 
in 2,200 steel cylinders from Bit- 
terfeld. Maj Sperling, of the 
Army balloon establishment at 
‘Tempelhof, arrived at the same 
time in order to supervise the in- 
flation. 

As completed, the LZ1 was 
more than two and a half times as 
long as the Schwarz, 128m 
(420ft) compared with 47.5m 
(155ft 9!/2in), although its circu- 
lar cross-section was rather smal- 
ler than the elliptical Schwarz. It 
had three times the capacity, 
11,300cu m (399,056cu ft), and 
had a 16hp Daimler engine in 
each of its two cars. There were 
four propellers arranged on brac- 
kets each side of the hull, very 
like the Schwarz, but the trans- 
mission (shafts, universal joints 
and bevel gears) were a great im- 
provement on the leather belts of 
the Schwarz. The LZ1 also had 
control surfaces but these were 
still far too small to be effective. 
They consisted of a single rudder 
each side of the hull fore and aft. 


LZ2. 


Dr Theodor Kober designed the 
LZ1. 
(Pritchard collection) 


Pitch control was by means of a 
moving weight (300kg or 661Ib), 
a system first proposed for the 
Pauly and Egg airship of 1816. 
Inflation began on 1 July, 
1900. It took 12 hours to fill the 
17 rubberised-fabric gas cells and 
the airship was then brought out 
of her hangar and the engines 
started. A crew of five, led by 
Count Zeppelin himself, went on 
the first flight on 2 July. This 
lasted about 20 minutes, during 
which a height of 400m (1,300ft) 
was reached. Control proved un- 
satisfactory but a speed of 3.8m/s 
(8.5mph) was achieved. Lack of 
control seems to have been due to 
the inadequate surfaces, to diffi- 
culties with the fore and aft 
weight, to jamming control-runs 
and to distortion of the main 
structure. Some bent structural 
members had to be straightened 
and strengthened when the ship 
was safely back in the shed. Two 
further flights were made about 
three months later but, although 
a speed of 7.8m/s (17.5mph) was 
reached, the overall results were 
disappointing and the company’s 








funds had been completely ex- 
hausted. There was not enough 
money left even for another re-fill 
of gas, which would have cost 


8,000-10,000 marks (£7,000- 
£9,000), a formidable item when 
account is taken of the fact that 
osmosis of the hydrogen through 
the rubberised fabric meant that 
a filling lasted only three weeks. 
The company closed down and 
went into liquidation in Novem- 
ber 1900. Zeppelin acquired all 
the assets for 124,000 marks 
(£55,000). He had every reason 
to feel discouraged, but it was not 
in the nature of the man to give 
in. He immediately set to work to 
win new support. For some time 
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he made little progress: the 
Union of German Engineers was 
politely helpful but, like most of 
the better informed, was not con- 
vinced that the trials of LZ1 had 
proved the feasibility of Zep- 
pelin’s concepts, as indeed they 
had not. 

But Zeppelin persisted. He re- 
alised that he would have to build 
a new airship: the weakness of 
LZ1’s structure was probably its 
most serious deficiency and this 
could not be overcome by modifi- 
cation, Nevertheless, much had 
been learnt from building the 
first airship. Durr, who had now 
taken over from Kober, agreed 
with the Count that a much 
stronger structure was possible 
for a similar, or perhaps lower, 
weight. Two other factors were 
working in their favour: the pe- 
trol engine was rapidly improv- 
ing, under the impetus of the 
development of the motor car; 
and aluminium alloys and hy- 
drogen were getting cheaper as a 
result of improved and larger- 
scale production. 

At last Zeppelin managed to 
persuade Berg to provide the 
structural components for a new 
airship on credit, and the Daim- 
ler company agreed to lend two 
of its latest engines which de- 
veloped 80hp each for no more 
weight than their 16hp predeces- 
sors. The War Ministry agreed to 
provide the hydrogen. Even with 
this help, Zeppelin estimated that 
he would still need 400,000 
marks (£350,000). Of this sum, 
8,000 marks came from a public 
appeal, 124,000 from profits on a 
lottery, and 50,000 from the Ger- 
man Chancellor’s fund (apparent- 
ly lottery tickets could not be 
sold in the State of Prussia and a 
special grant was made instead). 
The Count provided the balance 
of 218,000 marks from his own 
pocket. 

Construction of LZ2 began in 
April 1905 and was completed in 
October. It was undertaken in the 
same floating hangar at Manzell 
but was under the direction of 
Dipl Ing Ernst Uhland, who had 
succeeded Kibler as works man- 
ager. It is said that the latter 





Dr Ing Ludwig Diirr designed the 
LZ2 and all subsequent Zeppelins. 
(Pritchard collection) 


parted with the Count because 
the old man never forgave him 
not taking part in the flight trials 
of LZ1. Kiubler’s excuse for re- 
fusing was that he could not af- 
ford the associated increased 
premium on his life insurance. 

Kober had also left, and the 
design work on LZ2 was com- 
pleted under the direction of 
young Durr. He made a fine job 
of it. Externally, LZ2 was similar 
to LZ1, having the same length 
and diameter and the same num- 
ber of 8m (26ft 3in) bays, al- 
though without the closer spacing 
near the cars and without inter- 
mediate frames. The frame brac- 
ing was also improved. In most 
other respects, the layout was 
similar, with two cars containing 
the engines and four propellers 
on brackets each side of the hull. 
However, LZ2 differed in certain 
fundamental and vital respects 
which converted the design from 
one which was structurally inade- 
quate to one which was to last in 
progressively improved form for 
30 years. 

The most important change 
was in the main structural mem- 
bers. Instead of the flat lattice 
members of LZ1, with angle-sec- 
tioned criss-cross bracing, LZ2 
had triangular girders with simi- 
lar tubular bracing. These were 
much stronger for their weight, 
and in fact the complete ship was 
about one ton lighter. LZ2 had 


16, instead of 17, gas cells, reduc- 
ing the total capacity to 10,400cu 
m (367,500cu ft). The higher- 
powered engines drove propellers 
which were three times the 
diameter of those on the earlier 
airship. Research into the best 
size and type of airscrew contin- 
ued and resulted in progressive 
improvements in their design for 
later Zeppelins. At the same time 
there were remarkable advances 
in the successive engines pro- 
duced first by Daimler and after 
1911 by Maybach. The clumsy 
movable fore-and-aft weight for 
pitch control was discarded. In- 
stead, box-kite elevator surfaces, 
no doubt inspired by aeroplane 
practice, were mounted at the 
front with triple rudders at the 
rear, The most important dif- 
ference was in the keel member. 
In LZ1 this had been a long, 
rather flimsy, plate girder, ex- 
tending the length of the parallel 
part of the hull but held some 
distance beneath it by V-bracing. 
The girder provided a walkway 
between the two cars. In LZ2, 
the triangular keel, although still 
outside and below the hull, was 
structurally more part of it and 
the length between the cars was 
covered in, giving the airship an 
altogether tidier and more busi- 
ness-like appearance. 

There is no doubt that the de- 
sign of LZ2 was a major tour de 
force by Durr and firmly estab- 
lished him as the technical main- 
spring of Zeppelin development, 
which was to set the pace of rigid 
airship progress world-wide for 
the next 35 years. He was to con- 
tinue to hold this position until 
the end. 

In LZ2, Zeppelin had the 
makings of a practical airship. In- 
deed, her sister ship LZ3, which 
was identical in basic design was 
sold to the Army in 1909 as ZI. 
She had been lengthened and had 
had other detailed improvements 
incorporated, after her maiden 
flight on 9 October, 1906. ZI re- 
mained in service until as late as 
1913. 

LZ2 had been ready for her 
trials in November 1905, and 
with some reason, Count Zep- 
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Zeppelin Type aLZ1 after modification 

































































Zeppelin Type b LZ2 
























































pelin had had great hopes of suc- 
cess. However, the trials proved 
to be a disaster. On the first at- 
tempt to bring the airship out of. 
the shed, on 20 November, she 
was damaged and had to be put 
back. Protracted repairs delayed 
the next attempt until 17 
January, 1906. On this occasion, 
with Zeppelin again in command, 
the airship rose rapidly to about 
500m (1,640ft). Stability and con- 
trol were still unsatisfactory; so 
much so that when Zeppelin dis- 
covered the wind at that height 
was too strong for the ship to 
make headway against it, he 
dared not fly lower, where the 
wind would have been weaker, 
because of the lack of control 
combined, no doubt, with his 
own limited experience and skill 
as pilot. 

Shortly after this, both engines 
failed and LZ2 was clearly in 
trouble. Even so, after drifting 
with the wind for some distance, 
a successful ‘free balloon’ landing 
was made. It was the first rigid 
airship to alight successfully on 
land. By amazing luck, no signifi- 
cant damage was done to the 
ship. However, she had to be left 
moored out overnight and the 
wind got up enough to wreck her 
completely. The engines and 
many components were salvaged 
but LZ2 was a total loss. 


Zeppelin LZ1 (Type a) 

Manufacturer: Aktiengesellschaft 
zur Férderung-der Motorluft-schif- 
fahrt (Joint Stock Company for the 
Promotion of Motor Airship Travel) 

Built at Manzell 

Number built: one 

Chief designer: T 
Tenzer (at Berg’s works) 

Main structural material: Zn-Al 
alloy 

Design began: May 1898 

First flight: 2 July, 1900 

Powerplant: two 14hp Daimler 
N1899 four-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 11,300cu m 

Overall length: 128.0m 

Maximum diameter: 11.7m 

Spacing of main frames: 8.0m 

Fineness ratio: 10.21 

Number of gas cells: 17 

Number of main longitudinals: 24 

Empty weight: 10,300kg 

Typical gross lift: 13,100kg (1.16 
kg/cu m) 

Typical disposable load: 2,800kg 

Maximum fuel: 100kg 

Crew: five 

Maximum speed: 7.8m/s (17.39 
mph). 7.6m/s (16.99mph) on third 
flight 

Maximum range: 280km at speed 
of 2.8m/s (6.26mph) 

Static ceiling: 650m 

Hours flown: 2 

Cost: DM200,000 

Last flight 21 (possibly 24) Oc- 





Kober; also 





tober, 1900. Broken up on 30 April, 
1901 
Zeppelin LZ2 (Type b) 

Manufacturer: Aktiengesellschaft 
zur Férderung-der Motorluft-schif- 
fahrt (Joint Stock Company for the 
Promotion of Motor Airship Travel) 

Built at Manzell 

Number built: one 

Chief designer: L Durr 

Main structural material: Zn-Al 
alloy 

Design began: April 1905 

First flight: 17 January, 1906 

Powerplant: two 80hp Daimler 
H4L four-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 10,400cu m (11,300cu m some- 
times quoted) 

Overall length: 128.0m 

Maximum diameter: 11.7m. 

Spacing of main frames: 8.0m 

Fineness ratio: 10.94 

Number of gas cells: 16 

Number of main longitudinals: 16 

Empty weight: 9,250kg 

Typical gross lift: 12,050kg (1.16 
kg/cu m) 

‘Typical disposable load; 2,800kg 

Maximum fuel: 2,000kg 

Crew: seven 

Maximum speed: 11.0m/s (24.6 
mph) 

Maximum range: 1,100km 

Static ceiling: 850m. 





Made two flights, both on 17 
January, 1906. Destroyed in storm 
same day. 
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Zeppelin over 
the Alps — LZ3 
and LZ4/5 








A lesser man would have given 
up after the loss of LZ2 but the 
Count was not long dismayed. In 
a short time he was out arguing 
and persuading again, now claim- 
ing — with some justification 
that the last flight had shown that 
LZ2 was capable of a speed of 
about 11m/s (25mph) when she 
had held her own against the 
wind. Durr had ideas about cur- 
ing the instability and lack of 
control; all they needed was an- 
other airship on which to test 
them. 

There was still a little money 
left and they still had the loaned 
engines and Berg’s credit. Zep- 
pelin found a bit more money of 
his own and the King of Wiirt- 
temberg agreed to another lot- 
tery, the proceeds of which could 
be spent on the next Zeppelin. 
They did not wait for this: work 
began on LZ3 in the floating 
shed in April 1908 and was com- 
pleted by October. 

LZ3 was basically the same 





design as LZ2 with the same en- 
gines and hull. Some salvaged 
components of the LZ2 were, in 
fact, used in the new airship. The 
only important differences were 
the addition of quadruplane elev- 
ator surfaces forward and aft and 
of two near-horizontal fins at- 
tached to the aft end on each 
side. These were Diirr’s idea, ap- 
parently based on wind-tunnel 
tests on a model, but such sur- 
faces had also been suggested by 
Charles Renard and Henri Hervé 
(d.1922) in France in 1903. 

With these changes, and slight- 
ly up-rated engines which gave 
85hp each, LZ3 proved to be a 
success. Two two-hour flights 
were made by the Count from 
Manzell on 9 and 10 October, 





LZ3 at the floating shed at Man- 
zell. 


1906. These demonstrated com- 
plete steadiness and_ reasonable 
control which, combined with the 
Count’s increasing experience, 
enabled the airship to return to 
its shed on both occasions. A 
speed of 12.2m/s (27.29mph) was 
demonstrated. 

Both Government and public, 
who until now had reacted to 
Zeppelin somewhat sceptically, 
began to come round to an ac- 
ceptance of his ideas. The Ger- 
mans, with their love of the 
spectacular and particularly, of 


LZ4 in original configuration. 
There was also a bow rudder. 








the kolossal, responded to the in- 
spiring sight of these great and 
beautiful ships droning through 
the sky. These feelings were no 
doubt linked to the belief, in 
those nationalistic days before the 
First World War, that the Zep- 
pelin represented an important 
potential military advantage to 
Germany over other nations; par- 
ticularly, over the traditional 
enemy, France, a country which 
had always prided itself on its as- 
cendancy in aeronautics. 

Trials of LZ3 had to be sus- 
pended after the October flights 
for lack of funds. The change in 
the climate of opinion was, at 
last, to bring official backing. 
This was something Zeppelin 
had, until then, largely had to do 
without ever since he had been 
turned down in favour of 
Schwarz by the Helmholtz com- 
mittee in 1894, Set against the 
niggardly 6,000 marks awarded to 
him by the Kaiser for his project 
work in 1895, Zeppelin had prob- 
ably spent approximately a mil- 
lion and a half marks (£1.3 
million) up to this point. The 
money had come from various 
sources, mainly from his own 
pocket, but there had been no di- 
rect financial help from the Im- 
perial Government in Berlin. 

Now the position changed. In 
the autumn of 1906, a Motor Air- 
ship Research Committee had 
been appointed to advise the cen- 
tral Government. This committee 
paid most attention to the Parse- 
val pressure-airships which were 
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also being developed successfully 
in Germany at that time, but it 
did recommend that 500,000 
marks (£440,000) should be paid 
to Zeppelin to enable him to 
build a replacement for his di- 
lapidated and inadequate floating 
shed, and to pay for further flight 
tests with LZ3. 

Work appears to have started 
on the new shed when better 
weather permitted in the spring 
of 1907 and was completed in 
September. LZ3 lay neglected in 
the old shed until the new one 
was ready and then flying started 
again. On 30 September a flight 
of eight hours was completed 
during which 350km (217 miles) 


were covered, nonstop. This 
flight created a sensation and 
greatly strengthened Zeppelin’s 


hand in his negotiations with the 
Government. After this flight, 
LZ3 made five, shorter trips in 
just over two weeks during Oc- 
tober, before being put away 
again in the new shed for the 
winter. 

In the latter part of 1907 the 
Government finally agreed to 
pay Zeppelin 400,000 marks 
(£340,000) for the construction 
and testing of a new airship. Fur- 
thermore, it undertook to pur- 
chase both LZ3 and the new ship 
for 2,150,000 marks (£1.84 mil- 
lion), provided the Count first 
demonstrated a nonstop 24-hour 
flight during which at least 
700km (435 miles) had to be 
covered, The price agreed for the 
two ships included compensation 


of 500,000 marks to Zeppelin for 
all he had spent on his airship 
development work over the 
preceding 15 years. 

With prospects of getting his 
enterprise on to a sounder finan- 
cial basis, Zeppelin entered into 
negotiations with Krupps of 
Essen and with Carl Berg to see 
if they were prepared to provide 
more capital and participate in a 
new Zeppelin company. These 
negotiations were unsuccessful, 
however, and Zeppelin remained 
the sole owner of the enterprise. 

LZ3 in her existing form 
lacked the performance to make 
the required 24-hour flight, par- 
ticularly when operating from the 
400m = (1,300ft) level of Lake 
Constance. (See Note 13) Zep- 
pelin therefore wisely used the 
excuse of the approaching winter 
to delay the required demonstra- 
tion flight, postponing it until the 
following spring. 

The new larger floating shed 
was damaged in a storm and sank 
in December 1907. LZ3, housed 
inside it, was lucky to escape seri- 
ous damage, but this event put an 
end to her flying for the time 
being. When the new shed had 
been repaired and refloated, LZ3 
was moved into the old building 
so that the assembly of LZ4 
could begin in the new, in March 
1908. Construction of compo- 


LZ4 in original configuration, 
partly in the Manzell floating 
shed. 
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The original tail unit of LZ4. 


LZA in final configuration. 
(Science Museum) 





nents for the new ship had start- 
ed in November and she was 
completed in June. 

The larger shed made possible 
a larger airship. LZ4 had both a 
greater diameter, 13m  (42ft 
73/4in) compared with 11.7m for 
LZ1-3 and, at 136m (446ft 2in) 
was longer than her predecessors. 
Her capacity was 15,000cu m 





(529,720cu_ ft) and she was 
powered by two 105hp four-cy- 
linder J4 Daimlers. A covered-in 
triangular keel and walkway ex- 
tended the full length of the ship. 
Amidships, this gangway expand- 
ed into a small passenger cabin at 
one point. 

LZ4 made her first flight on 
20 June, 1908. She was an imme- 








diate — suc The — higher- 
powered engines, combined with 
larger control and stabilising sur- 
faces, made her steadier and more 
controllable. When first flown, 
LZ4 had bow and stern quadru- 
plane elevators, a single rectangu- 
lar rudder at the stern and one at 
the bow. This rudder arrange- 
ment proved inadequate. The 
bow rudder was then removed 
and single port and starboard 
rudders were added between the 
horizontal fins. In the final ver- 
sion of the LZ4, the stern rudder 
was enlarged to an elliptical form, 
twin port and starboard rudders 
between the horizontal _ fins 
turned as a unit rather than inde- 
pendently, vertical top and bot- 
tom fins were added to the stern 
while the bow elevators were re- 
tained. 

These progressive changes were 
an important development exer- 
cise aimed at improving control 
and stability. During her short 
life of only six weeks, LZ4 made 
a number of important flights, 
which identify her as the most 
notable of the early Zeppelins. At 
the same time she acted as a test 
vehicle for improvements in the 
control arrangements of the Zep- 
pelins. 

After a few short local flights, 
during which a speed of 13.5m/s 
(30mph) was measured, the Count 
decided on a longer flight before 
attempting the 24-hour test re- 
quired by the Government. Mag- 
nificent weather on 1. July 
encouraged him to make a specta- 
cular 12-hour flight over Switzer- 
land during which he overflew 
Lucerne and Zirich and made a 
*380km (236 miles) journey in the 
Alps. 

It is difficult to appreciate 
today the sensation caused by this 
flight. For the first time, many 
thousands of people, in two coun- 
tries, saw a great airship flying 
majestically above their heads in 
the wonderful setting of the lakes 
and high mountains. The writer 
himself saw Zeppelins flying in 
the Swiss mountains many years 
later. He remembers them as 
an unforgettable spectacle, even 
when aircraft had become com- 
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LZ4’s final tail configuration, with 
dorsal and ventral fins and 26ft 
high rudder. 


monplace. In July 1908, the first 
public demonstration of control- 
led heavier-than-air flight by 
Wilbur Wright at Le Mans was 
still five weeks in the future. A 
few, small, pressure-airships had 
made local flights, principally in 





France and Germany, but these 
were as nothing to Zeppelin’s 
great rigid on an extended inter- 
national cruise over the Alps. 
There is no doubt that this 
flight was a masterstroke of pro- 
paganda for the Zeppelins. It was 
endorsed over the following few 
days by joy-rides given to the 
King and Queen of Wiirttemberg 
and to some of the royal princes. 





LZ4’s Flight over the Alps 
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LZ4 and the Manzell sheds. 


Its impact on the German public 
was almost certainly the main 
reason for the extraordinary pop- 
ular reaction five weeks later 
when LZ4 was destroyed by fire 
at Echterdingen near Stuttgart, 
following the second of two 
forced landings during an attempt 
at the 24-hour flight. By great 
good fortune only two crew 
members were slightly injured in 
this incident, the first to a Zep- 
pelin when the hydrogen ignited. 

‘There is no record of the fact, 
but the Alpine flight was prob- 
ably suggested by Hugo Eckener 
(1868-1954), a young journalist 
who had joined Zeppelin as a 
part-time public relations adviser 
in about February 1906. In the 
future, Eckener was to take up 
the old Count's mantle after his 
death and become leader of the 
Zeppelin enterprise. He had many 
abilities but, as we shall see, per- 
haps his greatest was his flair as a 
publicist. This was to contribute 
much to the Zeppelin story. Per- 
haps the first evidence of it was 
LZ4’s memorable flight in the 
Alps. 





Zeppelin LZ3 (Type b) 
Manufacturer: Aktiengesellschaft 
zur Férderung-der Motorluft-schif- 


fahrt (Joint Stock Company for the 
Promotion of Motor Airship ‘Travel) 
Built at Manzell 
Number built: one 
Chief designer: L Durr 
Main structural material: Zn-Al 


alloy 


Design began: April 1905; con- 
verted to LZ3A in October 1908 
First flight: 9 October, 
(LZ3); 23 October, 1908 (LZ3A) 

Powerplant: two 85hp Daimler 
H4L four-cylinder inline engines 
(LZ3); two 10Shp Daimler J4 four- 
cylinder inline engines (LZ3A) 

Gas capacity (100 per cent infla- 
tion): 11,300cu m (LZ3); 12,200cu m 
(LZ3A) 


1906 





Overall length: 
136.0m (LZ3A) 
Maximum diameter: 1.7m 
Spacing of main frames: 8,0m 
Fineness ratio: 10.94 (LZ3); 11.62 
(LZ3A) 
Number of gas cells: 16 (LZ3); 17 
(LZ3A) 
Number of main longitudinals: 16 
Empty weight: 9,250kg (LZ3); 
10,320kg (LZ3A) 


128.0m (LZ3); 





An intermediate layout is inset. 


Zeppelin Type c LZ4 with final tail configuration. 




































































‘Typical gross lift: 13,120kg (LZ3); 
14,150kg (LZ3A) (1.16kg/cu m) 

Typical disposable load: 3,870kg 
{LZ3), 3,830kg) (LZ3A) 

Maximum fuel: 2,000kg (LZ3) 

Crew: seven 

Maximum speed: 15.0m/s (33.55 
mph) (LZ3A) 

Maximum range: 1,100km 

Static ceiling: 850m (LZ3); 880m 
(LZ3A) 

Last flight: LZ3 on 12 May, 1908; 
LZ3A on 7 March, 1913 

Hours flown: 20 (LZ3) 

Number of flights: 45 (LZ3A) 


LZ3A was broken up after March 
1913 


Zeppelin LZ4 (Type c) 
Manufacturer: Aktiengesellschaft 

zur Férderung-der Motorluft-schif- 

fahrt (Joint Stock Company for the 

Promotion of Motor Airship Travel) 
Built at Manzell 


Number built: two (LZ4 and 
LZ5) 

Chief designer: L Durr 

Main structural material: Zn-Al 


alloy 

Design began: November 1907 

First flight: 20 June, 1908 

Powerplant: two 10Shp Daimler 
J4 four-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 15,000cu m 

Overall length: 136,0m 

Maximum diameter: 13.0m 

Spacing of main frames: 8,0m 

Fineness ratio: 10.46 

Number of gas cells: 17 

Number of main longitudinals: 16 

Empty weight: 12,750kg 

‘Typical gross lift: 17,400kg (1.16 
kg/cu m) 

‘Typical disposable load: 4,650kg 

Maximum fuel: 2,500kg 

Crew: 11 

Passengers: 14 

Maximum speed: 13.5m/s (30.19 
mph) (LZ4); 15.5m/s (34.67mph) 
(LZ5) 

Maximum range: 1,450km 


LZ4 first flew on 20 June, 1908, 
and made about eight flights before 
being destroyed by fire on the 
ground on 5 August, 1908, 

LZ5 first flew on 26 May, 1909, 
and last flew on 15 April, 1910. It 
was destroyed in a storm on 25 April, 
1910. 
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Echterdingen — 
LZ3A and LZ5 








The German public’s reaction to 
the destruction by fire of LZ4 on 
5 August, 1908, at Echterdingen, 
marked a turning point in the 
story of the rigid airship. Public 
sympathy for the 70-year old 
Count was such that spontaneous 
donations came in from all over 
Germany. ‘These amounted ulti- 
mately to a total of at least 6.25 
million marks (£5.7 million). 
‘This enormous sum converted 
disaster into triumph and was 
used to form a trust, the Zeppelin 
Foundation, of which the Count 
became chairman. The trust allo- 
cated three million marks im- 
mediately to establish a new 
company, Luftschiffbau Zeppelin 
GmbH, to take over the Zeppelin 
enterprise. The company was 
formed on 8 September, 1908. At 
the same time Alfred Colsman 
(1873-1966), son-in-law of Carl 
Berg, was appointed general man- 
ager. Previously the works at 
Manzell had been managed by 
the Count’s nephew. 

Following the loss of LZ4, 
LZ3 was repaired, lengthened by 
an 8m bay (putting her capacity 
up to 12,200cu m) and equipped 
with the more powerful J4 Daim- 
lers of the type used in LZ4. The 
rebuilt airship (LZ3A) was first 
flown on 23 October, 1908, and, 
significantly, was allowed to carry 
the Crown Prince on a trip to 
Donaueschingen on 7 November 
when the Kaiser was paying a 
visit there. The Kaiser visited 
Manzell three days later (he had 
made his first visit on 10 Oc- 
tober) and decorated Count Zep- 
pelin with the Order of the Black 
Eagle. From a boat on Lake Con- 
stance he then watched LZ3A 
make a flight. All this showed 
that, despite the LZ4 disaster and 
the previous setbacks, official cir- 
cles in Germany were being won 
over to Zeppelin at the same time 





as popular sentiment swung in 
his favour, 

The German Government 
were still awaiting completion of 
the 24-hour flight test and sub- 
sequent delivery of its first Zep- 
pelin. With the loss of LZ4, a 
replacement ship (LZ5) was laid 
down at Manzell in the autumn 
of 1908. She was a close replica 
of LZ4. Indeed, it was reported 
that she was actually fitted with 
cars and engines and_ possibly 
some other components, salvaged 
from her sister ship. However, it 
is believed that the engines were 
the longer-stroke J4L model 
which gave 110 hp each. LZ5 was 
first flown on 25 May, 1909, but, 
redesignated ZII, she was not de- 
livered to the Army until August. 

Meanwhile LZ3A had been 
taken over by the military and 
designated ZI (See Appendix 6 
for explanation of Zeppelin desig- 
nations). A detachment of 80 
men, under the command of Maj 
Sperling, arrived at Manzell in 
February 1909, and 9 March the 
military crew made its first 
flights with the Count as captain. 
After he had instructed the Major 
in the techniques of pilotage, the 
Count allowed him off in sole 
charge later the same day. For 
the first time Zeppelin saw one of 
his ships in flight from the 
ground. It is a remarkable fact 
about this doughty old aristocrat 
that, in addition to providing the 
mainspring of the whole develop- 
ment of the rigid airship, he also 
(starting at the age of 62) acted as 
captain during all the test flying 
of his early airships. Up. to 
March 1909 he was, in fact, the 
only Zeppelin pilot. He then con- 
verted Sperling onto ZI. Sperling 
was from the Army Airship Bat- 
talion and had had previous ex- 
perience on the Gross pressure- 
airships. Sperling successfully de- 
livered ZI 340km (211 miles) to its 
base at Metz between 29 June and 
3 July. 

Before the Army took her 
away, Zeppelin made a number 
of further flights on ZI. On 15 
March he established a Zeppelin 
altitude record of  1,720m 
(5,512ft). On 16 March he made 
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LZ3A, the modified LZ3, was 
taken over by the Army as ZI. 
(Pritchard collection) 


the first deliberate alighting on 
land, probably at the new site on 
the northern outskirts of Frie- 
drichshafen where his new fac- 
tory was being constructed. On 
19 March he carried 26 people on 
a cross-country trip of 240km 
(149 miles) in four hours, which 
represented an average speed of 
16.7m/s (37.35mph). On 1 April 
he attempted to fly to Munich 
but was frustrated by strong 
winds. The ship had to be 
moored in the open overnight but 
returned safely to base the fol- 
LZ5 on Lake Constance. First 
flight was on 26 May, 1909. 


lowing day. On 5 April he made 
an attempt on the 24-hour dem- 
onstration flight but had to aban- 
don this too, after 11 hours, 
because of rising wind. The fol- 
lowing day he achieved a 13hr 
20min flight, much of it in the 
dark. 

Count Zeppelin certainly did 
his best to show the soldiers what 
his ship could do. Nevertheless 
he failed to make the required 
24-hour qualifying flight and the 
Army took over ZI with this re- 
quirement still unfulfilled. It re- 
mained for Zeppelin to make the 
demonstration on a later ship, 

Once LZ5 had flown on 25 
May, either this ship or ZI could 
be accommodated in the first 
berth (completed in 1909) of the 
new, two-berth factory hangar at 





Friedrichshafen. No doubt the 
Army crew practised berthing 
into this land hangar before they 
left for Metz at the end of June. 

Meanwhile the Count was 
busy test-flying LZ5, initially 
from the floating hangar at Man- 
zell where she had been assem- 
bled. By 29 May he decided that 
he was ready to use the new ship 
for another attempt at the elusive 
24-hour flight requirement. Per- 
haps prompted by Eckener again, 
he secretly proposed to combine 
meeting the official test with a 
flight of 600km (373 miles) to 
Berlin, a spectacular demonstra- 
tion of the cross-country capa- 
bilities of his airship. 

Although Eckener later denied 
that Zeppelin had planned to fly 
to Berlin on this occasion, there 











seems little doubt that that was 
indeed his intention. In any case 
the public and even the Govern- 
ment in Berlin believed this to be 
the plan and a large crowd, in- 
cluding the Kaiser and other 
members of the royal family, ga- 
thered at Tempelhof to greet 
him. 

LZS5 set off on the great ad- 
venture on the evening of Satur- 
day, 29 May. The Count as usual 
was in command but he was ac- 
companied by a crew of six, in- 
cluding Chief Designer Dirr, 
whom he was training as a pilot. 
At first they made good progress 
but gradually a wind got up and 
increased in strength. By the time 
they had covered over 550km 
(342 miles) it was clear that they 
would not be able to make it. 
LZ5’s top speed of 15.5m/s 
(34.67mph) was insufficient for 
this kind of flight in anything but 
ideal conditions. On Sunday eve- 
ning, therefore, they turned back 
towards Friedrichshafen, having 
reached Bitterfeld, nearly 160km 
(100 miles) short of their goal. 
After flying for 37hr40 min and 
covering 970km (602 miles) by 
the route flown, they were run- 
ning short of fuel. Eventually, to- 
wards midday on Monday, they 
had to make a landing in open 
country near Géppingen. 

The flight was a remarkable 
effort for a man of nearly 71 as 
well as for an airship with the 
limited performance of LZ5. It is 
hard to realise today the condi- 
tions under which the Count and 
his companions rode in LZ5’s 
open control-car, with a roaring 
engine just behind them, in con- 
tinuous and no doubt some of the 
time bumpy flight, for more than 
a day and two nights. This was 
by far the longest flight so far 
achieved by an airship. 

Unfortunately, while refuelling 
at Géppingen the ship was blown 
against a pear tree and its nose 
was seriously damaged. For a 
while it looked as if this would be 
another disaster but, by great en- 
terprise, assisted particularly by 
the presence of Durr, a rough 
jury-nose was rigged over the 
front of the crumpled hull and 
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LZ5 after the accident at Goppingen. The ship was repaired and went 
back into service as ZII, 
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the ship was then flown 150km 
(93 miles) back to Friedrich- 
shafen where it was safely han- 
gared two days later. 

‘Turning back from Berlin and 
the subsequent forced landing 
resulted in some bad publicity. 
‘The Kaiser and the Berlin public 
were understandably disappoint- 
ed. This unfavourable effect was 
offset, to some extent, by the 
damaged ship’s su ful return 
to base after covering about 
1,120km (696 miles) by the route 
taken. Zeppelin promised the 
Kaiser he would fly one of his 
ships to Berlin as soon as he 
could. 

LZ5 (now known by its mili- 
tary designation ZII) was re- 
paired and, piloted by the Count, 
set out for her military base at 
Cologne on 2 August. When she 
reached Coblenz, high winds 
forced the Count to turn back to 
Frankfurt where he stopped the 
night. The following day a pro- 
peller broke and there was an- 
other delay. Finally, on 5 August, 
after circling Dwuren the ship 
reached Cologne, where it was 
welcomed with great enthusiasm 
and the Army took over its new 
acquisition. 














Zeppelins for the 
Army - L2Z6 (‘ZIII’) 








Delivery to the Army of ZI in 
July and of ZII in August 1909 
marked a new phase in the his- 
tory of the Zeppelin. Until then 
these ships had been purely ex- 
perimental and we have therefore 
followed the vicissitudes of their 
development in some detail. Now 
they became military weapons, 
supposedly suitable for daily ser- 
vice with the Army. Soon, for 
reasons which will shortly be 
told, the Zeppelin would also 
become a civil vehicle. 

It should be remembered that 
the rigids of 1909-10, with their 
top speeds of less than 20m/s 
(45mph), were not really practical 
aircraft for anything other than 
limited local flying over land in 
good weather. As Eckener him- 
self wrote, the pioneer airship pi- 
lots soon discovered that winds of 
10m/s (22mph) and more are ex- 
perienced almost daily at heights 
of a few hundred metres. A ve- 
hicle capable of no more than 





LZ6, at its floating shed at Man- 
zell, in its original twin-engined 
configuration. (Lufthansa) 


about 20m/s is of minimal practi- 
cal use for getting from place to 
place in such winds, except when 
their direction happens to be fa- 
vourable, Speed over the ground 
would often be cut to 10m/s or 
less, 

‘There is continuing confirma- 
tion of all this in the modern joy- 
riding blimps, a few of which are 
still operating. These aircraft 
have about the same maximum 
speed (22m/s; 49mph) as the fas- 
test Zeppelins of 1910-14. They 
can be used for local flying in a 
particular area, but even then 
care must be taken not to get car- 
ried downwind of base in condi- 
tions of increasing wind. Low 
speed is also a disadvantage to an 
airship because it reduces the dy- 
namic effects available to its pilot 
to compensate for losses or gains 
in lift. These may be due to tem- 
perature changes, consumption of 
fuel, and rain or snow. Using the 
extra performance in this way 
cuts speed but can make an im- 
portant contribution to efficient 
operation. Unlike most other 
rigid airships, however, the Zep- 











pelins were normally flown with- 
in five degrees of the horizontal 
thus minimising dynamic effects 
on lift. 

The year 1909 saw the begin- 
ning of a new phase for the Zep- 
pelin enterprise itself. The 
company now employed about 90 
people. Moved from Manzell out 
of the unsatisfactory lakeside ac- 
commodation and the floating 
sheds, the factory was established 
in new, specially-built premises 
on a fine flying ground just north 
of Friedrichshafen. This site had 
been purchased for 340,000 
marks (£290,000). The new con- 
struction hangar, completed by 
Briickenbauanstalt Flender AG 
(Flender Bridge Building Com- 
pany) in September 1909, con- 
tained two berths in which two 
airships could be built simulta- 
neously. It was claimed at this 
time that Zeppelin would soon 
have the capacity to build twelve 
airships a year, although this 
would clearly have required a 
considerable increase in the la- 
bour force. The new hangar later 
came to be called the Ring Shed 
because it was used for the 
manufacture of the hull frames 
after it became too small for final 
assembly of the Zeppelins them- 
selves. However, up to 1915, the 
next thirty or so Zeppelins were 
to be assembled in this building. 
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A new, larger assembly hangar, 
known as Factory Shed I, was 
put up alongside it in 1914. 

Apart from these much im- 
proved facilities at the new Zep- 
pelin works, the design side of 
the company’s activities began to 
benefit at this time from a wind- 
tunnel which had been built at 
Gottingen in the autumn of 1908. 
Tests were undertaken there on 
different forms of airship hull, 
the first aerodynamic experiments 
at a laboratory which was later to 
make many major contributions 
to this field. The research was 
undertaken at the instigation of 
Felix Klein, head of the science 
faculty at the university, and was 


LZ6 after fitting of the third en- 
gine. LZ6 was later fitted with a 
cabin and became the second pas- 
senger aircraft and the first to 
make more than one passenger 
flight. 

(Luftschiffbau Zeppelin) 


LZ6 in front of the Baden-Oos 
shed from which Eckener success- 
fully operated it on behalf of 
DELAG during September 1910. 
More than 300 passengers were 
carried on 34 flights in 18 days 
during that month. 

(Lufthansa) 
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under the direction of the famous 
Ludwig Prandtl who was a mem- 
ber of the Motorluftschiff-Stu- 
dien-Gesellschaft, formed in 1906 
under the patronage of the 
Kaiser, to study airship design. 
MSG concentrated particularly 
on the development of the Parse- 
val pressure-airships. 

The first airship completed at 
the new works was LZ6, often 
popularly known as ‘ZIII’ be- 
cause Zeppelin had expected to 
sell her to the Army as its third 
ship. In the event, the anti-rigid 
lobby in the Army Airship Batta- 
lion (with a vested interest in 
pressure-airships, which were 
also being developed rapidly and 
were achieving some fine perfor- 
mances) prevented further pur- 





chase of military Zeppelins at this 
time. For this reason, LZ6 was 
mainly used as a development 
ship by her manufacturers. Later, 
she became, briefly, the second 
commercial airship. 

To launch LZ6’s career Zep- 
pelin decided to use her for the 
promised flight to Berlin. She 
flew for the first time on 25 Au- 
gust, 1909, a sister-ship to LZ4 
and LZ5, being of the same 
length, diameter and capacity. 
Like LZ5, she had two four-cy- 
linder Daimler J4L engines but 
these had been uprated to give 
115hp each. The only important 
innovation was in the trans- 
mission to the bracket-mounted 
propellers. Instead of the pre- 
viously-used shafts, _ universal 





LZ6 flying with three engines. This 
airship was expected to serve the 
Army as ZIII but instead was 
fitted with a cabin and served with 
DELAG. 

(Pritchard collection) 


joints and bevel gears, LZ6 went 
over to a new type of drive using 
steel belts. This proved to be a 
mistake; the ‘steel band’ trans- 
mission was not satisfactory and 
was eventually abandoned in fa- 
vour of the old system, but not 
before it had caused a great many 
problems, 

‘Transmission troubles first ap- 
peared on the flight to Berlin. 
After completing its initial tests 
LZ6 left Friedrichshafen on 27 
August, under the command of 
Durr, who was now a fully-quali- 
fied pilot and was helping the 
Count with the flying. He 
reached Nuremberg (240km, 149 
miles) in four hours and then the 
trouble started. The flight had to 
be interrupted there while an en- 
gine was changed and a propeller, 
which had come off in flight, 
replaced. The hazards of such 
unpremeditated landings _ were 
considerable. An airship requires 
a large handling party on the 
ground. Without such help, a 
forced landing in anything but a 
dead calm involves considerable 
risks. The flight continued on 28 
August but had to stop again, at 
Bitterfeld, to make adjustments to 
a transmission which was giving 
trouble and to pick up the Count 
so that he could take part in 
the triumphant arrival in Berlin. 
They left Bitterfeld on 29 August 
and, later that day, were tumultu- 
ously welcomed at Tegel field, 
Berlin, by a great crowd headed, 
by the Kaiser. 

LZ6 left Berlin, again under 
Dirr’s command, late that same 
evening but continued to be pla- 
gued by transmission problems 
on the way home. Near Witten- 
burg a propeller again flew off, 
this time piercing the adjoining 
gas cell, causing it to deflate. The 
ship had to make a forced landing 
in open country where repairs 
were undertaken over the next 
three days. During this time LZ6 








had a very narrow escape from 
destruction when a squall passed 
over the field. Held down by 
hundreds of soldiers and heavy 
because of the empty gas cell, 
she escaped damage. Late on 
the night of 1 September, Durr 
pressed on to Friedrichshafen, 
getting home safely the following 
evening, after a flight of 22% 
hours. 

During September, joy-rides 
were given both at Friedrich- 
shafen and Frankfurt, where LZ6 
was joined by the Army’s ZII. 
Passengers flown from Friedrich- 
shafen included members of the 
Reichstag and of the Swiss 
Federal Council. Among the dis- 
tinguished passengers at Frank- 
furt was Orville Wright. The 
demonstrations at Frankfurt were 
significant because of their effect 
on the next important develop- 
ment, the formation of DELAG 
(Deutsche Luftschiffahrts AG), 
the German Airship Transport 
Company. 

In an unofficial race from 
Friedrichshafen to Darmstadt on 
15 September, the Parseval P.L.3 
pressure-airship was claimed to 
be slightly faster than LZ6. 

LZ6 had a rather mixed career 
after her flight to Berlin in Au- 
gust/September 1909, That flight 
had shown that a further im- 
provement in performance was 


essential if airships were to 
become practical cross-country 
vehicles. The easiest way to 


achieve this was to increase total 
engine power as well as the num- 
ber of engines and to improve the 
reliability of the engines them- 
selves. LZ6 was withdrawn from 
service at the end of September 
1909 and a third engine was in- 
stalled in a new nacell mounted 
in place of the passenger cabin in 
the centre of the keel. This en- 
gine drove two additional bracket 
propellers, mounted on the sides 
of the hull, amidships, through 
steel-band transmissions. LZ6 
was first flown with the third en- 
gine on 21 October. The effect 
on performance was significant: 
top speed was increased from 
13.5m/s (30.19mph) to 15.2m/s 
(34mph). 
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Karl Maybach whose company was 
established close to the Zeppelin 


works at Friedrichshafen. The 
Maybach engines powered the ma- 
jority of Zeppelins. 

(Pritchard collection) 


‘The ‘new engine was a May- 
bach A-Z of 140hp, produced by 
Maybach Motorenbau GmbH 
which had been formed with 


Zeppelin’s help in November 
1908. This company, whose 


works were later built adjacent to 
the new Zeppelin factory at Frie- 
drichshafen, was headed by Wil- 
helm Maybach (1845-1929), 
partner of Gottlieb Daimler in 
the development of the motor 
car. His son, Karl Maybach, pro- 
vided the technical leadership of 
the company. It was to specialise 
in development and manufacture 
of airship engines and soon took 
over most of this business from 





The 140hp Maybach A-Z engine 
which was fitted to LZ6 in a mid- 
ship position in October 1909. 


Daimler, which had_ previously 
supplied all Zeppelin’s engines. 

From this time progress in the 
development of Maybach engines 
was to keep pace with that of 
Zeppelin’s airships and was sim- 
ultaneously to make a vital con- 
tribution to that development. 

The promise of the trial instal- 
lation of the third engine in LZ6 
suggested that a proper job 
should be made of the conver- 
sion. LZ6’s engine in the middle 
of the keel left no space for pas- 
sengers and the weight of the 
third engine and its fuel seriously 
reduced the useful load. 

‘The answer was to rebuild the 
ship completely, and on 12 Fe- 
bruary, 1910, LZ6 was.put into 
the hangar at Friedrichshafen, cut 
in two and lengthened by the in- 
sertion of an extra 8m bay. This 
bay contained an eighteenth gas 
cell, in the same way that LZ3 
had been enlarged in 1908. This 
process was to be repeated often 
with other rigid airships in the 
future. At the same time, the 
Maybach engine was moved into 
the front gondola where it drove 
a pair of bracket propellers with 
the original-type transmission, 
and the two original Daimler en- 
gines were put together in the 
rear gondola, each driving a 
bracket propeller through a simi- 
lar transmission. Finally, after it 
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Zeppelin Type d LZ6 



































oa 











had been decided to let DELAG 
use LZ6 until the replacement for 
Deutschland was ready, a com- 
fortable cabin for ten to twelve 
passengers was re-installed in the 
middle of the keel. 


Zeppelin LZ6 (Type d) 
Manufacturer: Luftschiffbau Zep- 
pelin GmbH 
Built at Friedrichshafen 
Number built: one 
Chief designer: L Durr 


Main structural material: Zn-Al 
alloy 
Design began: January 1909 





t flight: 25 August, 1909 

Powerplant: two 11Shp Daimler 
J4L four-cylinder inline engines, In 
October 1909 fitted with 140hp May- 
bach A. 
engine 


Z six 





ylinder inline as third 


Gas capacity (100 per cent infla- 
tion): 15,000cu m (LZ6) 
16,000cu m (LZ6A) 

Overall length: 136.0m (LZ6); 
144.0m (LZ6A) 

Maximum diameter: 13.0m 

Spacing of main frames: 8.0m 

Fineness ratio: 10.45 (LZ6); 
(LZ6A) 

Number of gas cells: 17 (LZ6); 18 
(LZ6A) 

Number of main longitudinals: 16 

Empty weight: 13,550kg (LZ6) 

Typical gross lift: 17,400kg (LZ6); 
18,600kg (LZ6A) (1.16kg/cu m) 

Typical disposable load: 3,850kg 
(LZ6), 4,370kg (LZ6A) 





11.08 








Maximum speed: 13.5m/s (30.19 
mph); 15.2m/s (34mph) (LZ6 with 
third engine) 

Maximum range: 2,000km 


LZ6 flew about 59 times up to the 
end of September 1909 after which it 
was lengthened as the LZ6A. After 
conversion it first flew in mid-August 
1910 and made 73 flights before 
being destroyed by fire in its shed at 
Baden-Oos on 14 September, 1910. 








DELAG — 

LZ7 Deutschland 
and LZ8 

Ersatz Deutschland 








The idea of forming a company 
to operate civil Zeppelins, at first 
on pleasure flights and later on 
regular transport services, had 
originally been suggested by Zep- 
pelin’s general manager, Cols- 
man, in May 1909. There is little 
doubt that the Count was not 
keen on the idea in the begin- 
ning, and was never entirely 
reconciled to it. Commercial 
operations of this type smacked 
too much of ‘going into trade’ to 
appeal to the old aristocrat and 
soldier. However, he realised that 
customers and operators must be 
found for his airships if they were 
to be developed, as he was 
convinced they could be, into 
practical vehicles and important 
weapons of war. If the armed 
forces would not purchase them, 
at that stage of development, he 
must find other customers. 

One scheme for the use of 
a Zeppelin in Arctic exploration 
and a proposal to do this was put 
to the Kaiser by the distinguished 
meteorologist, Professor Hergesell 
on 1 July, 1909. In September a 
committee, under Hergesell, was 
formed to promote the idea but 
after much discussion nothing 
came of it. Another proposal, put 
before the town council of 
Lucerne in Switzerland, was for 
pleasure flights over the Alps 
from that town. Although a pre- 
liminary contract was signed, the 
plan did not go ahead. A number 























Alfred Colsman, commercial direc- 
tor of Luftschiffbau Zeppelin. 


of foreign governments or their 
agents were interested in doing 
business with Zeppelin. One of 
the first seems to have been Gus- 
tave A Clement (b.1855) of the 
famous Clement-Bayard motor- 
car and airship company who had 
talks with Zeppelin in Berlin on 7 
July, 1909. But although there 
were discussions with various 
parties at intervals, right up to 
1914, nothing came of them, 
probably because the German 
Government would not permit it. 

Meanwhile, Colsman resolute- 
ly pushed forward his DELAG 
(Deutsche Luftschiffahrts AG) 
idea and soon won the support of 
the local authorities in Frankfurt 
and in other large towns through- 
out Germany. Deutsche Luft- 
schiffahrts AG (DELAG) was 
formed at  Frankfurt-am-Main 
on 16 November, 1909, with a 





capital of three million marks 
(£2.5 million). Some of the 
money was put up by the 


Hamburg-Amerika shipping line. 
‘The original board had 27 direc- 
tors, most of whom were burgo- 
masters of the cities supporting 
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DELAG’s LZ7 Deutschland was 
damaged beyond repair on its first 
cruise, from Ditsseldorf on 28 June, 
1910, 

(Luftschiffbau Zeppelin) 


LZ7 Deutschland was one of two 


Type e Zeppelins, 
(Courtesy Orell Fussli_ Verlag, 
Zisrich) 


the enterprise, which was seen as 
an important tourist attraction 
quite apart from its national and 
local prestige and defence impli- 
cations. The local authorities 
which participated also undertook 
to provide the bases (including 
sheds) at each participating city 
from which the airships would 
operate. Within ten days of its 
formation, and led by Colsman 
who was made managing director 
(he also continued as general 
manager of the Zeppelin com- 
pany), DELAG ordered its first 
airship for delivery the following 


year. This became LZ7, perhaps 
rather rashly named Deutschland. 
It was first flown on 19 June, 


1910, and was delivered to 
DELAG at Diisseldorf by the 
Count three days later. Twenty 





passengers were carried on this 
flight at 200 marks a head (£80). 

LZ7 was a considerable ad- 
vance on previous Zeppelins. 
Diameter was increased to 14m 
(45ft 103/sin) and length to 148m 
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(485ft 61/2in), giving a capacity of 
19,300cu m (681,157cu ft). The 
frames were still spaced 8m apart 
and the structure was basically 
unchanged, but a new type of 
girder was adopted and there was 
improved longitudinal and frame 
bracing. Power was provided by 
three 120hp Daimler J4F engines 
making LZ7 the first three-en- 
gined Zeppelin, following experi- 
ments with a third engine in 
LZ6A, previously described. 

At its new base, LZ7 came 
under the command of Capt 
Kahlenberg, a Prussian Airship 
Battalion pilot who had joined 
DELAG as the company’s direc- 
tor of flight operations. Flying 
started from Disseldorf because 
this city was first to have ready 
its new airship base at Golsheim. 

Unfortunately DELAG got off 


to a disastrous start. Six days 
after delivery, Deutschland set out 
on its first cruise, carrying 23 
journalists in its well-appointed 
midships passenger cabin in the 
keel. A trip of about three hours 
was intended. It became a night- 
mare journey of nine hours from 
which those on board were fortu- 
nate to escape with their lives. 
Kahlenberg seems to have been 
both rash and unlucky. The wind 
got up and blew him downwind 
of his base. He was unable to 
make ground against the wind, 
even at his top speed of 16.7m/s 
(37.35mph). Then one of his en- 
gines failed and he could not pre- 
vent the ship being carried up to 
1,100m (3,600ft), After that, 
heavy from loss of gas and weight 
of rain, the ship was forced down 
uncontrollably on to the tops of 
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shows up well against the shed roof. 
(Science Museum) 


tail configuration of LZ7 


fc eae Sufchiffahris tien Geel 


ic EN mi 
pena tm 


Nene 
‘Ainahme von Fabrgdjten durch die 
Hamburg: merita Linie 
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pine trees near Wallendorf in the 
Teutoburger Wald. By good for- 
tune there was no fire and the 
passengers and crew were able to 
scramble the 30 feet to the 
ground. The only human injury 
was a broken leg, but the airship 
was a total loss and Kahlenberg 
lost his job. 
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Zeppelin Type e LZ7 Deutschland 
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Zeppelin LZ7 (Type e) 
Deutschland 

Manufacturer: 
pelin GmbH 

Built at Friedrichshafen 

Number built: two 

Chief designer: L Darr 

Main structural material: 
alloy 

Design began: September 1909 

First flight: 19 June, 1910 

Powerplant: three 120hp Daimler 
J4F four-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 19,300cu m 

Overall length: 148.0m 

Maximum diameter: 14.0m 

Spacing of main frames: 8.0m 

Fineness ratio: 10.57 

Number of gas cells: 18 


Luftschiffbau Zep- 


Zn-Al 


LZ7 Deutschland at Friedrichs- 
hafen before its delivery flight to 
Diisseldorf. 

(Luftschiffbau Zeppelin) 


Empty weight: 15,600kg 

‘Typical gross lift: 22,400kg (1.16 
kg/cu m) 

Typical disposable load: 7,200kg 

Crew: eight 

Passengers: 20 

Maximum speed: 16.7m/s (37.35 
mph) 

Maximum range: 1,600km 


LZ7 flew 20!/2hr before its forced 





landing and destruction on 28 June, 
1910. LZ8 Ersatz Deutschland, the 
second Type e ship, first flew on 30 
March, 1911, flew 47hr, made its last 
flight on 14 May, 1911, and was de- 
stroyed leaving its shed at Dusseldorf 
on 16 May. 


LZ8 Ersatz Deutschland. 
(Pritchard collection) 
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HM Airship No.1 
Maytly 











The British Vick group was 
concerned with rigid airships 
longer than any other manufac- 
turer apart from Luftschiffbau 
Zeppelin itself. Vickers was in- 
volved with airships from 1908. 
On 21 July of that year Capt RH 
S Bacon, RN, the Director of 
Naval Operations at the British 
Admiralty, submitted proposals 
to the First Sea Lord (Sir John 
Fisher) for a rigid airship to be 
built for the Royal Navy by Vic- 
kers, Sons and Maxim Ltd. This 
recommendation was almost cer- 
tainly triggered-off by LZ4’s 
great 12-hour flight over the Alps 
three weeks earlier and by other 
developments in practical flying 
which were becoming increasing- 
ly evident that memorable sum- 
mer. Although Wilbur Wright 
did not make the first public 
demonstrations of his aeroplane 
in Europe until the following 
month, Léon Delagrange (1873- 
1910) had made flights of about 
15 minutes in May and June and 
Henry Farman (1874-1958) had 
made one of over 20 minutes on 
6 July. It was clear that practical 
flying machines — whether hea- 
vier or lighter-than-air could 
not be far away. The greatest 











navy in the world could not af- 
ford to be left behind in any new 
technical development which 
might impinge on the practices of 
sea warfare, 

On 14 August, Vickers was in- 
vited to tender for the construc- 
tion of a rigid airship built on 
Zeppelin principles. It was to be 
able to maintain a speed of 40 
knots (20.6m/s) for 24 hours, to 
reach an altitude of 1,500ft 
(457m), to carry radio and to 
offer reasonably comfortable crew 
accommodation, This was, in 
fact, the same order of perform- 
ance which was to be achieved by 
Schwaben-type Zeppelins from 
mid-1911. 

Vickers tendered in March and 
its offer was accepted on 7 May, 





HM Airship No.1 Mayfly at Ca- 
vendish Dock, Barrow-in-Furness. 
The ship is seen in its original form 
with V keel. 


1909, Meanwhile, Rear Admiral 
Sir John Jellicoe, who had suc- 
ceeded Capt Bacon, appointed 
Capt Murray F Sueter to take 
charge of the project and of the 
Admiralty branch specially 
formed to administer it, although 
without responsibility for design 
of the ship itself. Responsibility 
for the latter was unsatisfactorily 
shared between the Admiralty 


No.1 Mayfly in original form, 
showing clearly the tail surfaces. 
(Pritchard collection) 
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Mayfly moored at Barrow-in- 
Furness. 


(Vickers) 


and the contractor, the former 
having prime responsibility for 
the gas cells, outer cover and 
control surfaces, while the latter 
was responsible for the structure. 
The records are not clear as to 
who was supposed to be techni- 
cally in charge at the Admiralty, 
although the indications are that 
it was Lieut Neville F Usborne, 
RN (1883-1916). So far as Vic- 
kers was concerned the man in 
charge was Charles G Robertson, 
the marine manager at Barrow- 
in-Furness where the airship was 
built. 

Robertson had had no previous 
aeronautical experience and the 
officers at the Admiralty can have 
known little more of the many 
problems which had to be over- 
come if a successful rigid was to 
be designed, particularly one 
which was intended to leapfrog 
more than ten years of intensive 
development in Germany. The 
main source of information was, 
of course, from Germany itself, 
but this was not easy to obtain. 
The layout and main structural 
features could be deduced from 
external inspection and from 
photographs of recent Zeppelins, 
but it was much more difficult to 
find out anything about the inter- 
nal details. 

The main frames of the new 
ship were given a spacing which 
varied between 3.8m and 11.4m 
(12ft 5!/2in and 37ft 43/sin). This 
compared with the Zeppelin 8m 
(26ft 3in) bays and there were 17 
gas cells, the same number as in 
LZ4, the latest Zeppelin at that 


time. The British designers’ most 
important changes were in the re- 
duced number of longitudinals, 
12 instead of the 16 in LZ4, and 
in the different hull shape. The 
early Zeppelins were cylindrical 
with blunt bows and sterns (with 
a curvature of 1!/2 times the 
diameter), For the British ship a 
shape worked out by an Ameri- 
can, A F Zahm (1862-1954), was 
chosen. This was still cylindrical 
but curvature was less blunt at 
the bow (twice the diameter) and 
far less at the stern (nine times 
the diameter), giving a consider- 
ably better aerodynamic shape. 
Another important difference was 
that the outer cover was made 
impervious, contrary to Zeppelin 
practice at the time, which meant 
that the valves had to be at the 
top rather than the bottom of 
each gas cell, where they could 
vent directly to the exterior. In 
the early Zeppelins, with valves 
at the bottom, gas was vented 
into the ring space and dispersed 
through the porous outer cover. 
This seemed to be a potentially 
dangerous practice, and both 
Schiitte-Lanz and Zeppelin later 





No.1 Mayfly under construction. 
(Pritchard collection) 


went over to impervious outer 
covers. Gas shafts were then 
added to carry vented gas to vent- 
ilators at the top of the hull. 

The tail design of the Vickers 
ship was an important advance on 
any previous design. The fixed 
surfaces were of the simple cruci- 
form layout later adopted by 
Schuitte-Lanz and finally by Zep- 
pelin after 1914. Multiple control 
surfaces were, however, retained. 

The Admiralty requirement 
for a range of 1,100 miles 
(1,770km) meant that the Vickers 
No.1, in characteristic British 
fashion soon named Mayfly, had 
to be considerably larger than 
contemporary Zeppelins. Her 
diameter of 48ft (14.63m) was 
much greater than LZ4’s 13m 
(42ft 73/4in) and, in fact, larger 
than any Zeppelin until the L1 of 
1912. Mayfly’s length of 512ft 
(156m) was also considerably 
greater as was her capacity of 
663,500cu ft (18,788cu m). 

On top of all these bold inno- 
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Vickers No.1 Mayfly 












































NCEA 

















msp FT 








vations, after much experiment 
and debate about the material to 
be used, a decision was taken to 
go for the new German alumi- 
nium alloy, duralumin. The basic 
sections used to manufacture the 
structure were supplied from 
Germany, and as about 75 per 
cent of these proved to be unus- 
able because of difficulties at the 
time in rolling the material into 
the sections required, it is sur- 
prising that the British persisted 
with it. The Germans were to de- 
cide against using duralumin in 
1910 because of the same prob- 
lems. The difficulties of working 
duralumin were not overcome 
until 1914, when Zeppelin finally 
went over to the new material. 
Use of duralumin which was 
not properly worked and the dif- 
ficulty of obtaining information 
about the design of the Zeppelin 
girders and structural framework 
were most likely at the root of the 
failure of the British ship. As first 
completed and brought out of her 


Mayfly was wrecked on being 
brought out of the shed on 24 Sep- 
tember, 1911, after modifications 
including removal of parts of the V 
keel. 

(Pritchard collection) 


shed on 22 May, 1911, she was so 
heavy that there was no dispos- 
able load. In this condition, in 
winds of up to 45mph, she re- 
mained moored out for three days 
to a 38ft (11.58m) mast in Ca- 
vendish Dock at Barrow-in-Fur- 
ness, where she had been erected. 
She was then put back into the 
shed and extensively modified to 
reduce weight. Among changes 
made was removal of parts of the 
external triangular-section keel 
and this probably seriously weak- 
ened the structure. Whatever the 
reasons, the hull collapsed as the 
ship was being brought out of the 
shed for a second time on 24 
September, and that was the end 
of the project. 

Because it initially drew its in- 
spiration directly from the Zep- 
pelins, Mayfly was built to 
operate from water and was also 
constructed in a shed on water. 
The only real justification for 
copying this Zeppelin practice 
(which Zeppelin was, in fact, on 
the point of abandoning) was that 
it enabled the shed to be turned 
into wind whenever the ship was 
being taken in or out. The British 
apparently failed to appreciate the 
importance of this point and the 
Vickers shed was built rigidly on 
to the side of Cavendish Dock, a 


fact which may have contributed 
to the final disaster. 

The story of the Mayfly epit- 
omises the entire story of rigid 
airship development outside Ger- 
many. Directly inspired by pro- 
gress in Germany, it was an 
attempt to capitalise on that pro- 
gress by imitation and by im- 
provement where this seemed 
feasible. Mayfly incorporated a 
number of original ideas, some of 
which the Germans were later to 
adopt themselves, but it suffered 
sadly from the lack of structural 
knowledge which the Germans 
had accumulated and had applied 
to their Zeppelins. This lack was 
particularly critical in relation to 
the design of the built-up girders 
and of the hull framework. 

For over 20 years the British, 
the French and the Americans 
sought to obtain from Germany 
this, and other, information about 
the design of rigid airships. Their 
failure to do so adequately, or to, 
develop an equivalent capability 
of their own, meant that they 
were never able to produce air- 
ships as good as contemporary 
Zeppelins. It also meant that up 
to 1918 there was continuous es- 
pionage activity in attempts to 
learn the latest Zeppelin secrets, 
as well as major efforts to get all 











possible information from such 
Zeppelins as fell into Allied 
hands. After the Armistice, the 
Allies did everything they could 
to acquire German rigid airship 
technology. They were not en- 
tirely successful in this, judging 





by the structural failures and 
other deficiencies of postwar, 
non-German  rigids, including 


even the last two American ships 
designed by an ex-Zeppelin team 


which had emigrated to the 

United States. 

HM Airship No.1, Mayfly 
Manufacturer: Vic , Sons & 





Maxim Ltd (initially), Vickers Ltd 
(from April 1911) 

Built at Cavendish Dock, Barrow- 
in-Furness 

Number built: one 

Chief designer: C G Robertson 

Main structural material 
ralumin 

Design began: February 1909 

Design completed: 24 September, 
1911 

Powerplant: two 160hp Wolseley 
eight-cylinder vee engines 

Gas capacity (100 per cent infla- 
tion): 663,500cu ft (18,788cu m) 

Overall length: 512ft (156m) 

Maximum diameter: 48ft (14.63m) 
12ft 


du- 


Spacing of main frames: 
51/2in-37ft 43/4in (3.8m-11.4m) 

Fineness ratio: 10.7 

Number of gas cells: 17 

Number of main longitudinals: 12 

Number of transverse rings: 40 

Empty weight: 43,872Ib (19,900 
kg) 

‘Typical gross lift: 45,195Ib (20,500 
kg) (1,09kg/cu m) 

Typical disposable load: 600kg 

Maximum fuel: 3,0861b (1,400kg) 

Crew: 22 

Maximum speed: 42.05mph (18.8 
m/s) (estimated) 

Maximum range: 1,087 miles (1,750 
km) at speed of 18.8m/s (estimated) 

Static ceiling: 1,475ft (450m) 

Cost: £41,000 





Mayfly was brought out of her 
shed for the first time on 22 May, 
1911, but was not flown. After modi- 
fication, she was destroyed on being 
brought out of the shed on 24 Sep- 
tember, 1911. 
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French Rigid — 
Zodiac Spiess 








Not surprisingly, perhaps, the 
second non-German rigid airship 
was French. As events turned 
out, it proved to be the only 
French rigid airship built. De- 
signed by Joseph Spiess, it was 
built by the long-established 
firm of balloon manufacturers, 
Maurice Mallet, which had been 
reorganised as the Société Zodiac 
in 1908 and which later became 
well known as a manufacturer of 
pressure-airships. 

Following the disaster to the 
Lebaudy pressure-airship Répub- 
lique on 25 September, 1908, 
Joseph Spiess offered to develop 
a small rigid airship at his own 
expense and to present it to the 
French Army as a replacement. 
The Spiess was built as Zodiac’s 
‘Type No.13 (later No.13A) and 
was first announced as _ being 
under development in April 1909. 
In September, a model was 
shown at the Paris Salon. Spiess 
claimed that his ideas for rigids 
pre-dated those of Zeppelin, the 
basis of his claim being a patent 
(No.100695), taken out in Paris 
on 27 February, 1873. He also 
took out a German patent 
(No.98580) in 1895. However, 
the device described in both these 
patents was a monstrosity which 
bore no relationship to the later 
1909 design. It is evident that the 
latter was as much a copy of Zep- 
pelin as was the Vickers No.1. 

Although a variety of figures 





The Zodiac Type 13 Spiess as 
originally built with only the for- 
ward engine. 

(Pritchard collection) 


were quoted, it appears that the 
Spiess was originally projected 
with a diameter of 12m (39ft 
41/3in), a length of 88m (288ft 
81/2in) and a capacity of only 
7,000 or 8,000cu m (247,200- 
282,500cu ft). The structure was 
clearly modelled on Zeppelin 
with the same frame spacing of 
8m (26ft 3in) but it was built of 
wood held together by aluminium 
ferrules. The use of wood was 
proposed by Schiitte in Germany 
at about the same time but the 
first Schutte airship had an en- 
tirely original structure. Only 
later did the wooden German 
ships adopt Zeppelin-type struc- 
tures. 

As originally envisaged, the 
Spiess was considerably smaller 
than any other rigid airship. It 
appears that Spiess soon realised 
that he would have to make his 
ship larger if it were to have any 
chance of success. By 1910, pro- 
jected capacity had risen to 
10,000cu m (352,147cu ft) and, at 
some stage, the frame spacing 
seems to have been increased to 
9m (29ft 6in) and the diameter to 
13.5m (44ft 3!/2in). It is probable 
that the design was then known 
as Type No.13. 

Early in 1911, a sufficiently 
large construction shed was com- 
pleted by the French Govern- 
ment at Saint-Cyr, on the 
outskirts of Paris. It was 160m 
(525ft) long, 25m (82ft) wide and 
24m (78ft 83/4in) high. Assembly 
of the airship itself probably still 
known as the Type 13, started in 
April. The framework was just 
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about complete by the end of the 
year but it now seems to have 
been lengthened to 113m (370ft 
83/4in) to give a capacity of 
12,800cu m (452,000cu ft). The 
ship was reported to be finished 
in May 1912 but, after unsatisfac- 
tory trials with two 120hp Pan- 
hard-Levasseur engines, a 
decision was taken to fit more 
powerful Chenu engines. ‘These 
were delivered in August, and 
later the first flight was promised 
for November. However, trouble 
with the gas cells prevented this 
and the airship did not fly until 
April 1913 (13, 17 and 30 April 
have all been quoted) with the 
Comte de la Vaulx in charge. It 





The Type 13 Spiess after modifi- 
cation to Type 13A with increased 
gas capacity and two engines. 
(Pritchard collection) 


is believed that at this stage only 
a single 210hp Chenu engine was 
fitted because of a lack of useful 
lift. The single engine was 
mounted in the forward car and 
drove two 4.5m (14ft 9in) bracket 
propellers on each side of the 
hull, on the Zeppelin pattern. 
The Spiess flew again on 2 
May but was already completely 
outclassed by Zeppelin develop- 
ment. This fact was dramatically 
brought home to the French by 
an event of considerable import- 


Another view of the 
Spiess with one engine. 
(Science Museum) 


Type 13 


ance in the history of rigid air- 
ships. On 3 April, 1913 - some 
weeks before the Spiess’s first 
flight — the military Zeppelin 
ZIV made a forced landing at 
Lunéville in France. The crew of 
ZIV had lost its way and, prob- 
ably trapped by a strong east 
wind, found that they could not 
get back to Germany. This was 
just the sort of opportunity for 
which the French had been wait- 
ing and they seized it to copy and 
photograph every possible detail 
of the ship before returning it to 
the Germans. 

The result of this unexpected 
windfall meant that the French 
had all the latest data on the ZIV, 
an L1 Class ship which had 
flown for the first time only the 
previous month. No doubt this 
contributed to the Spiess being 
grounded in May after only a few 
flights. By November, under the 
designation No.13A, she had 
been enlarged by no less than 
three 9m (29ft 6in) bays, thus in- 
creasing her length to 140m 
(459ft 3!/2in) and her capacity to 
16,400cu m (579,156cu ft), With 
the greater disposable lift which 
resulted, the second engine could 
be installed and the ship was 
eventually flown, in her definitive 
form, on 9 or 11 December, 1913, 
After testing, which demon- 
strated a maximum speed of 
70km/h (43.5mph), she was de- 
livered to the French military 
authorities on 1 February, 1914, 
and was reported to have contin- 
ued in service until about the 
outbreak of war in August. Ear- 
lier, on 16 January, 1914, the 
Spiess made a three- to four-hour 
flight over Paris and caused con- 
siderable patriotic enthusiasm. 
The pilot was André Schelcher 
with a crew of six. But the Spiess 
was the only rigid airship to be 
built in France. Two German- 
built Zeppelins went to the 
French after the First World 
War, as reparations, but they did 
not survive long as we shall see in 
later chapters. 
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Zodiac 13A Spiess 





















































Zodiac Type 13 and 13A 
Spiess 

Manufacturer: Société Zodiac 

Built at Saint-Cyr, Paris 

Number built: one 

Chief designers: J Spiess and M 
Mallet 

Main structural material: 
with aluminium ferrules 

Design began: 25 September, 1909 

First flight: 13, 17 or 30 April 
1913 (No.13) 

Powerplant: two 120hp Panhard- 
Levasseur replaced by two 210hp 
Chenu AE.6 six-cylinder inline en- 
gines. Originally tested with front en- 
gine only 

Gas capacity (100 per cent infla- 
tion): 12,800cu m (No.13); 16,400cu 
m (No.13A) 

Overall length: 
140.0m (No.13A) 

Maximum diameter: 13.5m 

Spacing of main frames: 9.0m 

Fineness ratio: 10.4 

Number of gas cells: 17 (No.13A) 

Number of main longitudinals: 14 

Empty weight: 16.070kg (No.13A) 

Typical gross lift: 19,000kg 
(No.13A) (1.6kg/cu m) 

Typical disposable load: 2,930kg 

Maximum fuel: 1,090kg 

Crew: seven 

Maximum speed: 18.0m/s (40.26 
mph) 

Maximum range: 1,560km at speed 
of 13.9m/s (31.09mph) 


wood 


113.0m_ (No.13); 


No.13 made a few flights up to 2 
May, 1913, after which it was leng- 
thened as No.13A. As No.13A it first 
flew on 9 or 11 December, 1913. It 
made a few flights until about August 
1914 and was broken up at the end of 
the year. 








Britain Tries 
Again — 
Vickers No.9 








Meanwhile there had been an- 
other change of policy in Britain. 
Following the Mayfly fiasco, the 
Admiralty had decided not to 
pursue its requirement for air- 
ships. This attitude did not last 
long. After much argument and 
discussion, both in the Commit- 
tee of Imperial Defence and in 
the Service departments, it was 
decided, in September 1912, that 
a new rigid airship should be or- 
dered. The Admiralty issued a 
new invitation to tender to Vick- 
ers, after attempting, without 
success, to buy a Zeppelin. 

This decision was, of course, 
primarily due to German pro- 
gress with Zeppelins. In Novem- 
ber 1911, Sir John Jellicoe, 
accompanied by the British Naval 
Attaché in Berlin, Capt Sir Hugh 
D Watson RN, had flown in 
Schwaben and had reported fa- 
vourably to the Admiralty. Eight 
months later, in June 1912, Capt 
Murray Sueter and Lieut-Col 
Mervyn O’Gorman (superintend- 
ent of the Royal Aircraft Factory) 
flew in Viktoria Luise and re- 
ported favourably to the Com- 
mittee of Imperial Defence. It 
was clear that Britain could not 
afford to ignore the German air- 
ship developments. Ironically, 
Colsman used the British interest 
in Zeppelins in his efforts to per- 
suade the German naval auth- 
orities to acquire Zeppelins. 


The Vickers airship depart- 
ment, which had been closed 
down after the Mayfly episode, 
was re-constituted early in 1913. 
In April, a small design office 
was set up in Victoria Street, 
London, under Hartley B Pratt, a 
young engineer who had been 
working for Vickers at Barrow on 
its lightweight marine diesel en- 
gines for submarines and who 
had taken part, for a time, in the 
design of Mayfly. With Pratt 
were two other young men, B N 
(later Sir Barnes) Wallis (1887— 
1980) and J E Temple. They had 
not got very far with their new 
design when drawings, made 
from photographs, of all parts of 
ZIV’s structure and other details 
of that airship began to reach 
them from France. The new ship, 
called No.9 (being the ninth Brit- 
ish naval airship, including press- 
ure-ships, officially numbered 
since No.1), was therefore broad- 
ly based on the Zeppelin L1 class 
of 1912. Like two of the leng- 
thened ships in that class, No.9 
had 17 gas cells and 17 main lon- 
gitudinals plus the usual promi- 
nent external V-section _ keel, 
standard on Zeppelins at that 
time. However, her diameter was 
considerably greater 53ft (16.15m), 
as against 14.9m (48ft 10!/2in) 
and her frame spacing  30ft 
(9.14m) was intermediate be- 
tween the 8m (26ft 3in) of the 
early Zeppelins (including ZIV) 
and the 10m (32ft 91/2in) adopted 
by the Germans from 1914, 

As finally completed in 1916, 
No.9 — like the wooden Shiitte- 
Lanz $.L.II — had two light, in- 
termediate frames dividing the 
bays between each two main 
frames. This was a feature of 
much later Zeppelins with 15m 
(49ft 2!/2in) bays (L53 class and 
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Vickers No.9, built at Walney Is- 
land, Barrow-in- Furness. 
(Vickers via Pritchard collection) 


later) but no Zeppelin with a 10m 
frame-spacing had more than a 
single full intermediate frame in 
each bay. The first Zeppelin to 
have the single intermediate 
frame had been ZXII of 1914. 
The Allies had become aware of 
the fact that Zeppelins had inter- 
mediate frames from the wreck- 
age of various L10 class, and later 
ships, which came into their 
hands in the early years of the 
war. 

The shape of No.9’s hull was 
also a compromise between the 
Zahm profile of No.1 and the 
blunt-ended cylindrical hull of 
the L1 class Zeppelin. Curvature 
at the bow was 13/4 times the 
diameter and the tapering stern 
had a radius of 5.8 times the 
diameter. Capacity of the hull 
was 889,300cu ft (25,181cu m), 
again considerably larger than L1 
class which had ranged from 
19,500 to 22,470cu m. 

Power was provided by four 
150hp Maybach C-X engines, 
purchased from Germany. The 


two engines, in both gondolas, 
were geared to swivelling propel- 
lers which could be used to de- 
velop vertical thrust when 
required. For a long time it was 
incorrectly rumoured that the 
Zeppelins were fitted with such 
propellers, but Nos.1 and 9 were 
actually the first rigids to have 
them. They were fitted because 
of their use in the British Army’s 
pressure-airships. One pair of 
swivelling propellers on No.9 
was, however, removed to save 
weight, soon after flight trials 
began. 

The frames and longitudinals 
were built of triangular girders, 
following Zeppelin practice, and 
the design of these girders and of 
the hull framework, was directly 
based on the L1 class design in- 
formation obtained from ZIV. 

When the design was nearly 
completed in 1914, Hartley Pratt 
decided that it would be a good 
idea if they could check the infor- 
mation from ZIV against latest 
Zeppelin practice. Accordingly, 
he made a private trip to Fried- 
richshafen. While snooping 
around the Zeppelin works, he 
managed to make pencil rubbings 





of the cross sections of the vari- 
ous standard Zeppelin girders 
which he found on railway wa- 
gons in a siding in Friedrichs- 
hafen station. These rubbings 
provided valuable confirmation of 
the correctness of the earlier data. 

L1 class ships were, in fact, 
built of zinc-aluminium alloy 
(See Note 14), as were all Zeppe- 
lins made at Friedrichshafen until 
March 1915. The Vickers de- 
signers decided, on the other 
hand, to continue to use dur- 
alumin which, by 1914, could at 
last be rolled satisfactorily into 
the required sections. Duralumin 
is considerably stronger than the 
zinc-aluminium alloy, so that the 
Vickers girders, based on the ear- 
lier Zeppelin design in the lower 
strength material, were probably 
unnecessarily heavy when made 
of duralumin. This may have 
been one of the reasons why No.9 
and the ships derived from her 
were all heavy. 

No.9 was ordered by the Ad- 
miralty on 19 June, 1913. The 
Vickers design was submitted for 
Admiralty approval in December 
1913 and the contract was finally 
signed in March 1914. The re- 
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The Vickers No.9 owed much to 
Zeppelin design practices. 
(Vickers via Pritchard collection) 


Impressive view of No.9, showing 
keel section, control car, forward 
propellers and red, white and blue 
bow masking. 

(Vickers via Pritchard collection) 


quirements to which the ship was 
designed made her about a third 
larger than Mayfly and included: 


1. A speed of at least 40 knots 
(20.6m/s) at full power. 

2. A minimum disposable lift of 
5 tons (5,080kg) for movable 
weights. 

3. Capability to attain a height 
of at least 2,000ft (610m). 


Work began soon afterwards 
on a new hangar on Walney Is- 
land near Barrow (See Note 18), 
and construction of the ship 
started in August 1914 after the 


This view shows the complex tail 
structure of Vickers No.9. 
(Vickers via Pritchard collection) 


start of the war. The failure of 
the Germans to make any visibly 
effective use of their airships in 
the early months of the war un- 
doubtedly affected thinking in 
Britain. Winston Churchill, then 
First Lord of the Admiralty, ac- 





cordingly stopped the airship 
programme in March 1915, Work 
on No.9 was restarted by A J 
Balfour, who succeeded Churchill 
in June of the same year, and 
manufacture began that autumn. 
No.9 was finally completed in 
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Vickers No.9 
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November 1916, important 
changes having been made at the 
request of Constructor-Cdr C I 
R Campbell, of the Air Depart- 
ment at the Admiralty, as late as 
March of that year. At some 
stage, one — and possibly two — 
further ships of the same design 
(to be designated Nos.14 and 
possibly 15) are reported to have 
been mooted for construction by 
Armstrong Whitworth, but they 
were never ordered. 

No.9 was first flown by Wing 
Capt E A D Masterman on 27 
November, 1916. She was so 
heavy that the Navy refused to 
accept her and Vickers had to 
make extensive modifications to 
reduce weight. These included 
simplification of the contr 
faces, and substitution, for the 
original rear twin-engined gondo- 
la, of an engine-car containing a 
single 250hp Maybach H-S-Lu. 
The latter had been recovered 
from the wreckage of L33 when 
she was forced down at Little 
Wigborough, Essex, on 24 Sep- 
tember, 1916, and burned by her 
crew. The ship was accepted on 
12 December, subject to the in- 
corporation of further modifica- 
tions. She was finally delivered 
on 4 April, 1917. By then, of 
course, she was hopelessly old-fa- 
shioned, but she flew a couple of 
hundred hours, mainly on train- 
ing flights, before being damaged 
in a ground-handling accident on 
28 June, 1918, and, subsequently, 
broken up. 


Vickers No.9 

Manufacturer: Vickers Ltd 

Built at Walney Island, Barrow- 
in-Furness 

Number built: one 

Chief designer: H B Pratt 

Main structural material: 
ralumin 

Design began: April 1913 








du- 


First flight: 27 November, 1916 

Powerplant: four 150hp Wolseley- 
Maybach C-X six-cylinder inline en- 
gines; two later replaced by one 
250hp Maybach H-S-Lu of the same 
layout 

Gas capacity (100 per cent infla- 
tion): 889,300cu ft (25,181cu m) 

Overall length: 530ft (161.54m) 

Maximum diameter: 53ft (16.15m) 

Spacing of main frames: 30ft (9.14m) 

Fineness ratio: 9.89 

Number of gas cells: 17 

Number of main longitudinals: 17 

Number of main transverse frames: 
18 

Empty weight: 59,745Ib (27,100 
kg) 

‘Typical gross lift: 60,560Ib (27,470 
kg) (1.09kg/cu m) 

Typical disposable load: 370kg 

Crew: 14 

Maximum 
m/s) 

Maximum range: 1,615 miles (2,600 
km) 


No.9 flew 198hr 16 min. It made 
its last flight on 28 June, 1918, and 
was broken up that same month 





speed: 45mph (20.1 












The Schwaben 
class — LZ9, 10 
and 12 








After the loss of Deutschland, it 
was obvious that it would take 
time to build a new ship for 
DELAG. Meanwhile, all oper- 
ations would have to be sus- 
pended. In the face of this 
dilemma it was decided that LZ6 
should be taken over as an in- 
terim solution until the new ship 
could be delivered. 

Since the Berlin flight in Au- 
gust/September 1909, LZ6 had 
been used for a number of dem- 
onstration flights and for devel- 
opment of her controls. In 


This view of Schwaben at Pots- 
dam shows to advantage the tail 
configuration. 
(Lufthansa) 
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LZ10 Schwaben at Friedrichs- 
hafen was the first of three Type f 
Zeppelins. 

(Luftschiffbau Zeppelin) 


September 1909, LZ6 was with- 
drawn from service and, as de- 
scribed in Chapter X, used for a 
trial installation of a three-engine 
layout. This involved putting the 
third engine in the passenger 
compartment in the middle of the 
keel. The experiment was suffi- 
ciently successful to justify adop- 
tion of a more elaborate engine 
arrangement and the lengthening 
of LZ6’s hull by the addition of 
an 8m _ bay containing an addi- 
tional gas bag. Thereafter the 
ship was re-designated LZ6A. 'To 
meet DELAG’s requirements a 
cabin for ten to twelve passengers 
was restored to the keel. 

In this greatly improved form, 
LZ6A was ferried on 21 August 
to the new DELAG hangar at 
Baden-Oos where she restarted 
the commercial flights. The 
problem of replacing the unlucky 
Kahlenberg was solved by ap- 
pointing Hugo Eckener (1868- 


1954) as the new director of flight 
operations. Ever since he began 
working for Zeppelin as public 
relations adviser in 1906, Eckener 
had become increasingly involved 
in the destiny of the airship. By 
the time of the loss of Deutsch- 
land, he felt himself to be one of 
those chiefly responsible for per- 
suading the local authorities of 
cities all over Germany into sup- 
porting DELAG. He had, for 





Schwaben with lines 


trailing. 


mooring 


example, prepared and publicised 
the economic forecasts of airship 
operating costs on which the case 
for the formation of DELAG had 
been based. When it was sug- 
gested he should become an air- 
ship pilot, he began taking 
instruction from Count Zeppelin. 
Later, when he was asked to ac- 
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Schwaben leaving the shed at Baden-Oos. 


(Luftschiffbau Zeppelin) 





cept the DELAG job, he con- 
sidered himself morally obliged 
to do so. Thus it was Eckener 
who ferried LZ6A to Baden in 
August 1910 and, in this way, 
started the most distinguished 
flying career of any airship pilot. 

He began cautiously. This, 
together with the fact that the 
site of Oos near Baden-Baden, 
where he was based, was particu- 
larly favourable to airship oper- 
ations, helped him learn quickly 
the many difficult tricks of his 
new trade. Passenger flights were 
made almost daily; sometimes 
more frequently. After a total of 
thirty-four flights in a little over 
three weeks, fate intervened. On 
a flight to Heilbronn, on 14 Sep- 
tember, an engine failed and the 
ship had to return to base. She 
was safely hangared but an ac- 
cidental petrol fire was started by 
someone working on the failed 
engine. Within seconds the hy- 
drogen was alight and the ship 
and hangar were gutted. Once 
again, by amazing good fortune, 
there was no loss of life. 

LZ6A, and possibly _ the 
Deutschland, had been insured 
with Lloyds of London. Perhaps 


Schwaben over Johannisthal aero- 
drome, Berlin. 


Schwaben at Friedrichshafen. 
(Lufthansa) 














Schwaben’s control car. 
(Lufthansa) 


the cover was for ground risks 
only, in which case DELAG was 
paid for the loss of LZ6A but not 
for the LZ7. In any case, the in- 
surance money was used for the 
replacement ship, LZ8, Ersatz 
Deutschland, ordered immediately 
after Kahlenberg’s accident. Very 
similar to LZ7, she was first 
flown on 20 March, 1911, and 
delivered by the Count to Dis- 
seldorf on 11 April after visits to 
the new sheds at Stuttgart, 
Baden-Baden and Frankfurt. 

Eckener had no responsibility 
for the loss of LZ6A and again 
took charge of flying. Unfortu- 
nately, the Diisseldorf shed was 
far less satisfactory than that at 
Baden. Eckener continued to be 
cautious but nearly came to grief 
within three days, when the ship 
was caught by the wind and dam- 
aged while being brought out of 
the shed. A month later, on 16 
May, after twenty-four successful 
passenger flights, his luck ran 
out. Passengers were waiting to 
fly and so an attempt was made 
to bring the ship out of the shed 
in a cross-wind. Despite a ground 
handling party of 250-300 men, 
she was blown against a wind- 
break and was so badly damaged 
that she had to be written off. 
Only a few structural components 
were salvaged for use in later 
Zeppelins. 

‘This appeared to be the end of 
the road for DELAG, if not for 
the Zeppelin company itself. The 
first DELAG ship had survived 
one week in service; the second, 
three weeks; and the third, five. 
It would be hard to imagine a 
more disastrous record. The only 
saving grace was that nobody had 
been killed. For some time, the 
DELAG board wavered before 
making up its mind. Then, by an 
unrecorded majority it decided to 
have one more try; a fourth air- 
ship was ordered for delivery 
later in the year. 

This decision was remarkable 
evidence of faith in the Count 
and his ideas when one considers 
that DELAG was mostly com- 
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posed of local bureaucrats, repre- 
senting such diverse interests. Of 
all the crucial stages in the Zep- 
pelin’s story, this was surely the 


most important. The DELAG 
board’s apparently unreasonable 
faith was justified, in the event. 
The next commercial airship, 
LZ10, Schwaben, was flown for 
the first time on 26 June, 1911. 
Following the Deutschland’s, the 
name Schwaben had a_ special 
meaning for the Swabians of 
Wiirttemberg, the southern Ger- 
man state which often resented 
Prussian overlordship from Berlin 
and regarded Zeppelin as a sym- 
bol of its local identity. 

Schwaben survived for a year 
and two days before she was 
burnt on the ground at Dissel- 
dorf after racing a squall back to 


This historic photograph shows 
Count Zeppelin on the left and Dr 
Hugo Eckener on the right. Taken 
in the summer of 1911 it was the 
occasion on which Eckener flew 
Schwaben to take his examination 


for qualification as an airship pilot. 


(Friedrich Moch collection) 


base and unloading her passen- 
gers just in time. Again, no lives 
were lost although Durr and sev- 
eral others on board were injured. 
(Dir appears to have stopped 
flying as pilot after this accident, 
even though he was not in com- 
mand at the time; the ship’s cap- 
tain had been Dipl Ing W E 
Dorr.) 

The primary cause __of 
Schwaben’s destruction was never 
clearly established. Some reports 
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Zeppelin Type £LZ10 Schwaben 

































































A royal group aboard Schwaben. Left to right: Prince Frederik Karl, 
Prince Frederick Sigismund, Prince Joachim, Prince Eitel Frederik, 
Prince von Hohenzollern, Prince Oscar, Prince and Princess August Wil- 
helm, Prince George of Greece, Herr von Bretenbach (Minister of Rail- 
ways) and Zeppelin director Alfred Colsman 





ZIII (LZ12), third of the Type f Schwaben class. 
(Pritchard collection) 


said that she started to break up 
in the violent wind before she 
caught fire. The official conclu- 
sion, however, was that ignition 
was due to a spark caused by 
‘frictional electricity’, set up by 
the flapping and chafing of the 
rubberised cotton fabric of which 
the gas cells were made. As a re- 
sult, the Luftschiffbau Zeppelin 
went over to goldbeaters’ skin for 
the gas cells of their future air- 
ships. This material had, in fact, 
already been tried by Zeppelin 
but had not been adopted be- 
cause of its high cost, its tend- 


ency to absorb moisture and thus 
increase in weight, and its vulner- 
ability to damp and tearing. The 
first cells of this material used by 
Zeppelin are said to have been 
supplied by the British balloon 
manufacturers, C G Spenser and 
Sons Ltd, as early as 1902. One 
cell of ZII in 1909 had been, ex- 
perimentally, of goldbeaters’ skin. 
(See Note 4) 

At first, gas cells were made of 
seven layers of goldbeaters’ skin. 
Later, ‘skinned fabric’ cells were 
adopted and became standard 
practice until synthetic materials 





began to be adopted in the 1930s. 
The skinned fabric cells had one 
or more (commonly three) layers 
of goldbeaters’ skin stuck with 
rubber solution to the inside of 
cotton fabric. The first Zeppelin 
with skinned fabric cells 
LZ24 (L3), which made 
maiden flight in May 1914. 

Although Schwaben was ulti- 
mately lost in an ident, her 
year of successful operations pro- 
vided the evidence that was so 
badly needed to prove rigid air- 
ships could be flown regularly 
under suitable conditions: at this 
stage, it is true, only locally from 
sheltered inland sites or on rather 
slow cross-country journeys in fa- 
vourable weather 

Schwaben proved to be the 
classic design of early rigid air- 
ship. She represented the opti- 
mum combination of various 
features which had been evolved 
in previous ships. Basically her 
hull was the same as those of the 
Deutschlands’ except that she was 
shorter by an 8m bay and thus 
had seventeen instead of eighteen 
gas cells, giving a capacity of 
17,800cu m (628,600cu ft). Her 
reduced length of 140m (459ft 
31/2in), combined with her im- 
proved control surfaces, made her 
handier in the air and easier to 
manage on the ground. Perhaps 
most important of all, she was the 
first ship with three of the more 
reliable and powerful Maybach 
engines. Her top speed of 
19.5m/s (43.62mph) was the best 
yet, and brought her almost into 
the category of a fully practical 
airship for local flying. 

Apart from the characteristics 
of Schwaben herself there were 
four factors which contributed to 
her success. These were the ex- 
ceptionally fine, almost windless 
summer of 1911; the favourable 
situation and siting of the hangar 
at Baden-Oos from which she 


was 


her 
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operated much of the time; the 
rapidly increasing skill of Hugo 
Eckener, who soon began to show 
an instinctive skill as airship 
pilot; and the adoption of docking 
rails and trolleys to restrain the 
ship while leaving and entering 
the shed. 

The passenger accommodation 
in the early DELAG airships 
consisted of a ‘coach’ near the 
ship’s centre of gravity created by 
enlarging to about 2m width a 
section of the external keel. 
About 25 lightweight seats were 
arranged in a longitudinal row 
each side of a centre aisle. Large 
windows in the sides of the cabin 
provided a magnificent view of 
the ground passing slowly close 
beneath. The passengers were 
sufficiently distant from the en- 
gine cars to have a_ pleasantly 
quiet ride. Accommodation in- 
cluded two lavatories — very 
necessary on the long slow jour- 
neys — and a rudimentary galley. 

As became standard practice in 
DELAG, Schwaben was laid up 
for about four months during the 
winter. She resumed flying at the 
end of March 1912 and continued 
her successful career until the ac- 
cident in June. During her one 
year of operating life, Schwaben 
made 234 passenger flights dur- 
ing which she carried nearly 
2,000 revenue passengers in 480 
hours of flying. She was notable, 
also, as the first aircraft to carry a 
steward, Heinrich Kubis, who 
served refreshments and meals in 
flight. Kubis continued as a ste- 
ward in Zeppelins until 1939. 


Zeppelin LZ10 (Type f) 
Schwaben 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Friedrichshafen 

Number built: three 

Chief designer: L Durr 

Main structural material: 
alloy 

Design began: January 1911 

First flight of type: 26 June, 1911 

Powerplant: three 145hp Maybach 
A-Z six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 17,800cu m 

Overall length: 140.0m 





Zn-Al 


Maximum diameter: 14.0m 
Spacing of main frames: 8.0m 
Fineness ratio: 10.0 

Number of gas cel 
Number of main longitudinals: 17 
Empty weight: 13,600kg 


217 





Typical lift: 
.16kg/cu m) 
Typical disposable load: 7,050kg 
Maximum fuel: 1,400kg 
Crew: eight 
Passengers: 20 
Maximum speed: 21.0m/s (46.97 
mph) 
Maximum range: 1,450km at speed 
of 19.Sm/s (43.62mph) 
Static ceiling: 2,450m 
Cost: DM650,000 


LZ10 Schwaben flew 480hr and 
was destroyed by fire on the ground 
at Dusseldorf on 28 June, 1912. 

The other Type f Schwaben class 
ships were LZ9 Ersatz ZII and 
LZ12, the Army’s ZIII. LZ9, with 
16,550cu m gas capacity, first flew on 
2 October, 1911. Her last flight was 
on 21 October before being converted 
to LZ9A with 17,800cu m capacity. 
In enlarged form the first flight was 
on 23 November, 1911, the last flight 
on 1 August, 1914, after which she 
was dismantled at Gotha. LZ12, with 
17,800cu m capacity, first flew on 25 
April, 1912, last flew on 10 July, 
1914, and was dismantled at Metz in 
August 1914. 


gross 20,650kg 





Viktoria Luise at Friedrichshafen. 
(Pritchard collection) 








Civil Zeppelin 
Operations — 
LZ11 Viktoria 
Luise and LZ13 
Hansa 








The evidence of practicality pro- 
vided by Schwaben was decisive. 
DELAG was encouraged to order 
further airships. The first, LZ11, 
named Viktoria Luise, first flew 
on 14 February, 1912, and was in 
service before Schwaben was lost. 
On 30 July, a month after the 
Schwaben accident, a sister-ship 
to the Viktoria Luise, the LZ13 
(Hansa), first flew and entered 
service on 3 August. Both Vikto- 
ria Luise and Hansa were similar 
to the two Deutschlands, having 
basically the same structure. 
However, their gas cells were re- 
duced in capacity to 18,700cu m 
(660,380cu ft), their bows were 
more rounded and their sterns 
more pointed. Their control sur- 
face configurations also differed. 
Viktoria Luise had three Maybach 
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LZ11 Viktoria Luise was the first 
of two Type g ships operated by 
DELAG. 

(Luftschiffbau Zeppelin) 


engines like Schwaben but these 
were of improved B-Y type, de- 
veloping 150hp, later up-rated to 
170hp. 

Hansa reverted to 120hp J4F 
Daimlers, although perhaps up- 
rated to 160hp. She is believed to 
have been re-engined later with 
Maybachs, like her  sister-ship. 
Finally, DELAG ordered one 
more ship in the latter part of 
1912. This was to be of the ‘im- 
proved Schwaben’ type which be- 
came the L1 class, the first of 
which was the first Zeppelin sup- 
plied to the German Navy. 

These ships were of a larger, 
14.9m (48ft 10!/2in) diameter and 
had 16, 17 and 18 eight-metre 
bays. LZ15 had 16 bays, which 
gave her a capacity of 19,500cu m 
(688,637cu ft) She was, however, 
diverted to the Army (as Ersatz 
ZI) while still under construction, 
in December 1912, and was re- 
placed for DELAG by LZ17, 
named Sachsen (Saxony). With 
the same number of gas cells as 
LZ15, Sachsen was of similar ca- 
pacity but had a hull two metres 
shorter. She flew for the first 
time on 3 May, 1913, and entered 
service in June. 

These last three DELAG 
ships all remained in service until 


the war. They were then taken 
over by the armed forces and 
used for training, a function they 
had performed most of the time 
they were in commercial service. 
It was standard practice, before 
the war, for DELAG to have 
naval or military officers and men 
on board on most commercial 
flights. These men were under 
instruction from the regular 
DELAG crews, many of whom 
were, in any case, reservists. By 
the time they were finally retired 
in late 1915-16 these three ships 
had each flown between 1,000 
and 1,500 hours, probably more 
than any rigid until the Los 
Angeles and Graf Zeppelin of the 
later 1920s. 

Although the prewar DELAG 
operations never became regular 
scheduled services as had origin- 
ally been hoped (the performance 
of the ships was inadequate for 
this), they were the first properly 
organised commercial air transport 
operations. Most of DELAG’s 
flying consisted of short, local 
joy-rides, of an average duration 
of about two hours. Interspersed 
with these local flights were some 
longer trips, when airships were 
deployed from one base to 
another. 

During the period of its oper- 
ations, from 22 June, 1910, to 31 
July, 1914, DELAG carried 
33,722 passengers and crew in- 
cluding about 10,000 revenue 
passengers, an average of about 








6.5 revenue passengers per flight. 
A total of 3,139 hours was flown 
in 1,588 flights with 172,535km 
(107,205 miles) travelled, without 
injury to a passenger. 

Although Eckener had forecast 
that the operation could be 
profitable, it lost money heavily 
so far as the passenger operations 
were concerned. From — such 
figures as are available, the high 
fares charged — they worked out 
at about 100 marks or £84 in 
today’s values per hour flown — 
generated an average revenue 
which covered rather less than 
half of the operating costs. This 
meant a probable loss, over the 
four-year period, of about 
2,240,000 marks (£1,900,000). 
This was a better revenue/expend- 
iture ratio than that achieved by 
aeroplanes before the early 1930s. 
The comparison is not. strictly 
fair because the airships did not 
contribute to the cost of their 
bases, nor did they attract all the 
costs associated with scheduled 
services over a route network. 
The operation was viable because 
the German armed forces presum- 
ably subsidised DELAG for crew- 
training. (See Appendices 2 and 3) 

Schwaben’s successful flying 
season in 1911 not only led to the 
subsequent years of successful 
DELAG operations but also en- 
couraged the Army, reluctant 
since the delivery of ZII in Au- 
gust 1909, to purchase more rigid 
airships. 
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LZ13 Hansa, second Type g, on 
the lake at Potsdam. 
(Popperfoto) 


ZII herself had been lost in an 
accident on Army service on 26 
April, 1910. After taking part in 
manoeuvres, in which the Gross I 
and Parseval II Army pressure- 
airships also participated, she was 
forced down by a rising wind on 
her way back from Hamburg to 
Cologne. After being held, pre- 
cariously moored, in the open, 
overnight, she broke away in a 
strong wind, the following morn- 
ing, and was destroyed at Weil- 
burg near Limburg. A replace- 
ment was finally ordered in 
February 1911. LZ9, Ersatz, ZI, 
was similar to Schwaben. Al- 
though bearing an earlier works 








(Above) Hansa, a view showing (Below) Hansa after being trans- 
well the forward propellers and ferred from DELAG to the VII 
passenger cabin, Army Corps for crew training. 
(Science Museum) (Pritchard collection) 
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Zeppelin Type g LZ11 Viktoria Luise 
























































number, Ersatz ZII made her 
first flight after Schwaben’s, on 2 
October, 1911. As completed, she 
was one 8m bay shorter than her 
sister-ship but was extended to 
the same length before being de- 
livered to the Army on 23 No- 
vember. 


Zeppelin LZ11 (Type g) 
Viktoria Luise 


Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Freidrichshafen 

Number built: two 

Chief designer: L Drr 

Main structural material: 
alloy 

Design began: probably mid-1911 

First flight of type: 14 February, 
1912 

Powerplant: three 150hp Maybach 
B-Y six 
170hp) 

Gas capacity (100 per cent infla- 
tion): 18.700cu m 

Overall length: 148.0m 

Maximum diameter: 14,0m 


Zn-Al 





cylinder inline engines (later 





Spacing of main frames: 8.0m 
Fineness ratio: 10.57 

Number of gas cells: 18 

Number of main longitudinals: 18 
Empty weight: 15,150kg 
Typical gross __ lift: 
.16kg/cu m) 

‘Typical disposable load: 6,550kg 
Crew: eight 

Passengers: 25 

Maximum speed: 21.0m/s (46.97 
mph) (22.7m/s (50.77mph) sometimes 
quoted) 

Maximum range: 1,100km 


LZ11 Viktoria Luise last flew on 
12 October, 1915, had flown 1,550hr 
and was destroyed coming out of its 
shed at Liegnitz on 18 October. 

LZ13 Hansa first flew on 30 July, 
1912, and last flew on 5 August, 
1916, completing 1,227hr. It was 
then dismantled. 


21,700kg 
( 


Hansa, in passenger configuration, 
with the entrance to the Potsdam 
airship station (Potsdamer Luft- 
schiffhafen). 

(Courtesy Philip Jarrett) 


Das Zeppelin-LaPeemntt fia 


‘ber dem Potsdamer Luftschiffhafen. 











Military and 
Naval Zeppelins 








Schwaben’s success did more than 
put new life into Zeppelin’s civil 
operations. It finally convinced 
the armed forces that they should 
buy more Zeppelins. The Minis- 
ter of War, General von Moltke, 
called for the ordering of nine 
more ships and even the Navy 
began to change its attitude. 

The first new Army ship was 
ZIIL (L.Z12), another Schwaben- 
type vessel, ordered in March 
1912, flown on 25 April and fi- 
nally delivered on 23 July. The 
Navy had rightly claimed, up to 
now, that the Zeppelins were too 
slow to be used over the sea. As 
we have seen, they barely had 
sufficient speed to be practical 
vehicles over land; the wind is al- 
ways stronger at sea and so more 
speed was clearly essential. Even 
the Schwaben-type, which was 
significantly faster than its prede- 
cessors, was not fast enough. 

Ever since a naval officer, Fre- 
gattenkapitn Robert Mischke, had 
had a flight in LZ3 on 30 Sep- 
tember, 1907, the Navy had been 
pressing Zeppelin to produce 
larger and faster ships for its use. 
The Zeppelin designers had been 
cautious in their response. They 
felt, with some justification, that 
higher-powered engines were re- 
quired and that bigger airships 
could be safely developed only in 
a series of progressive steps. 
When the first naval Zeppelin 
was at last ordered in April 1912, 
the designers had gone some way 

















LZ9 was a Type f Zeppelin which 
went to the Army as Ersatz ZII. 
(Pritchard collection) 


towards meeting the Navy’s re- 
quirements. Orders for a further 
four ships were mooted, delivery 
to be spread over the following 
three years. 

1 (LZ14), the first naval air- 
ship, was of a new larger 
diameter, 14.9m (48ft 10!/2in), 
and her capacity of 22,470cu m 
(793,518cu ft) made her bigger 
than any previous airship. She 
had a hull length of 156.0m 
(492ft 1!/ain) but, like LZ15 and 
LZ16, a longer fin gave an overall 
length of 158.0m (518ft 41/3in). 
L1’s structure consisted of one 
16.0m (52ft 6in) bay at the stern, 
sixteen 8.0m (26ft 3in) bays and a 
12.0m (39ft 4!/2in) bay in the 
bow. The last three ships in the 
class introduced a structural in- 
novation: they had single inter- 
mediate semi-frames, linking the 
six lowest longitudinals. These 
semi-frames were inserted be- 
tween the main frames to 
strengthen the structure. 

With three 165hp Maybach 
engines of the new B-Y type, first 
fitted in Viktoria Luise, L1 had a 
top speed of 21.2m/s (47.42mph). 
She flew, for the first time, on 7 
October, 1912. Following an im- 
pressive 30-hour proving flight 
under the command of Count 
Zeppelin (13/14 October), which 
covered 1,600km (1,000 miles), 
L1 went into service with the 
Navy. She gave a good account of 
herself, mainly in the training 
role but was lost at sea near Heli- 
goland on 9 September, 1913, 
with most of her crew and the 
head of the Naval Airship Divi- 
sion. In that period of nearly a 
year, L1 showed clearly that her 
speed, although higher than any 
previous airship, was still inade- 
quate for naval use. As a result, 
the Zeppelin company agreed, in 
January 1913, to build a larger, 
higher-powered ship to naval de- 
signs, and no more L1 class ships 
were ordered. 

L1 might be called the first 
production-type Zeppelin. Five 
other ships of the same class were 
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built during 1913. Four of them, 
Ersatz ZI, ZIV, Desatz ZI and 
ZV, were for the Army, and one, 
Sachsen, for DELAG. ZV and 
Sachsen were later lengthened by 
one 8m bay containing an addi- 
tional gas cell, and one other 
ship, ZVI, was built from the 





Ersatz ZII at Friedrichshafen. 
(Pritchard collection) 


L1 (LZ14) was the first Type h 
Zeppelin. It flew on 7 October, 
1912. 

(Pritchard collection) 
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start to this lengthened standard. 
Finally, two more Army ships, 
ZNIL and ZVIIL (LZ22-23), 
were built early in 1914. They 
were still broadly of the same 
type but were lengthened, having 
two additional 8m (26ft 3in) bays, 
each containing another gas cell. 
The single intermediate semi- 
frames, introduced on the later 
L1 class ships, were extended to 
link the eight lowest longitudi- 
nals. The external keel on these 
two ships blended more smoothly 
into the bow of the hull, improv- 
ing appearance and reducing 
drag. These ships each had three 
180hp Maybach C-X engines. 
‘The loss of L1 was not direct- 
ly attributable to any deficiency 
in performance, marginal as this 
still was for extended patrols over 
the sea. The accident was similar 
to Kahlenberg’s crash in Deutsch- 
land more than three years ear- 
lier. Caught in a squall, L1 was 
lifted far above her pressure 
height. The resulting loss of gas 
and a subsequent down-draught 





ZIV (LZ16), the third Type h 
ship. 


ZIV (LZ16) after its forced land- 
ing at Lunéville in France on 3 
April, 1913. French authorities 
closely examined the ship and made 
drawings available to Britain and 
the USA. 


Count Zeppelin and Korvetten- 
kapitin Peter Strasser in L1 
(LZ14). 


then combined to carry her un- 
controllably into the sea, The 
same sort of accident was to be 
repeated again and again through 
the story of the rigid airship. In 
some cases, structural failure, 
usually resulting from rapid as- 
cent or turbulence, occurred be- 
fore the airships involved hit the 
surface. On the evidence of 40 
years and nearly 80,000 hours of 
rigid airship flying, the strong 
up- and down-draughts com- 
monly associated with cold fronts 
and thunderstorms represented a 
quite insurmountable hazard to 
large airships and were probably 
responsible for the loss of most 
rigids destroyed in flying acci- 
dents. Of the twenty rigids de- 
stroyed in fatal flying accidents 
(other than those lost by enemy 
action), it appears that well over 
half were lost from this cause or 
from associated phenomena such 
as lightning strikes or static dis- 
charge. (See Appendix 3) 
Properly trained rigid airship 
captains of sufficient experience 
(perhaps only the select band of 
Zeppelin commanders of the 
1920s and 1930s really come into 
this category) did their best to 
avoid such weather and usually 
managed to do so on the routes 
they operated. However, even 
they ran grave risks of getting 


























caught out by inadequate fore- 
casting of stormy conditions. It 
was not realised at that time that 
in many parts of the world wide- 
spread thunderstorm activity is 
prevalent at certain times of the 
year. Even in less affected areas, 
such activity can occur frequently 
in a bad year. Modern aero- 
planes, even with the aid of radar 
and vastly improved forecasting 
techniques, still get involved in 
dangerous conditions from time 
to time — this, despite the fact 
that their high performance helps 
them overfly or circumvent the 
worst of the weather. Occasions 
when the consequences are seri- 
ous are fortunately rare because 
aeroplanes are incomparably less 
vulnerable than any airship. 

The also ill-fated second naval 
Zeppelin, L2 (LZ18), was built at 
Friedrichshafen in one of the 
berths of the Ring Shed. The size 
limitations of this building and of 
the operating sheds available had 
an important and, as it tran- 
spired, disastrous effect on her 
design. Until now, the prominent 
external V-section keel had been 
a feature of all Zeppelins. The 
first Schtte-Lanz rigid, discussed 
later, which had a wooden struc- 
ture, completely unlike that of 
the Zeppelins, did not have an 
external keel when it appeared in 
1911. This may well have in- 
fluenced Felix Pietzker, the naval 
designer of L2, into inverting the 
keel member in his design and 
enclosing it within the hull. At 
the same time, the two power- 
gondolas, each containing two of 
the new type 180hp Maybach C- 
X engines, were brought up 
much closer to the hull than ever 
before. There was a third, separ- 
ate control-gondola near the bow. 
The effect of these changes made 
it possible to increase the ship’s 
diameter to 16.6m (54ft 5!/2in) 
and its capacity to 27,000cu m 
(953,500cu ft) within the same 
overall dimensions as the earlier, 
smaller ships. Significantly, the 
length of 158m (518ft 41/3in) just 
fitted inside the existing sheds. 

As it turned out, L2’s top 
speed of 21m/s (46.97mph) was 
slightly less than L1’s, and it was 
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Two views of DELAG’s LZ17 Sachsen, a Type h ship. 





certainly still inadequate for naval 
use. On the other hand, the new 
C-X engines, which had been 
first fitted for tests in L1 earlier 
in the year, held promise of de- 
velopment to higher powers and 
this would have given a useful in- 
crease in speed in due course. 

But this was not to be. After 
flying for the first time on 6 Sep- 
tember, 1913, L2 made eighteen 
test flights and was moved to 
Johannisthal, the early Berlin 
aerodrome. On her tenth flight, 
on 17 October, with a mainly 
naval crew of twenty-eight on 
board, she caught fire in flight 
shortly after leaving the ground. 
She was completely destroyed 
along with her entire crew and 
her designer, Pietzker. 

The accident was attributed to 
some of the new features of L2’s 
design. The subsequent inquiry 
concluded that hydrogen, over- 
flowing into the internal keel, was 
ignited by the engines which 
were so much nearer the hull 
than previously. The accident 


might have been avoided if Pietz- 
ker had adopted another feature 
which Schtte-Lanz introduced on 
S.L.II in 1914, namely gas ex- 
haust shafts between the valves at 
the bottom of the gas cells and 
ventilators on the top of the hull. 
‘These were incorporated in later 
Zeppelins, together with an im- 
permeable outer cover. However, 
the first ship with these innova- 
tions, LZ78 (L34), did not fly 
until 22 September, 1916. 

The L2 disaster, coming so 
soon after the L1’s, and like that 
accident, involving heavy loss of 
life, was a severe blow to the 
whole airship cause. These were 
the first accidents to Zeppelins 
which resulted in fatalities, and 
they seem to have had a signifi- 
cant effect on Count Zeppelin 
who, in spite of his age — he was 
now 75 — had, until this time, 
continued to play the leading role 
in his organisation. Although he 
did not retire immediately, he 
handed over the executive direc- 
tion of the company to Colsman 
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in the latter part of 1913. He still 
did much of the test flying, at 
least until early 1914, and he 
seems to have gone on with some 


flying after that. He remained 
chairman of the company and of 
the Zeppelin Foundation but, in- 
creasingly, he withdrew from the 
day-to-day activities at Friedrichs- 
hafen. After the war started in 
August 1914, he devoted a large 
part of his time to political and 
policy matters. He was disap- 
pointed at Germany’s failure to 
make early effective use of its air- 
ships for strategic bombing; by 
the time operations of this type 
were built up on any scale, it was 
too late. The development of 
higher-performance aeroplanes 
and of new types of incendiary 
ammunition had rendered the air- 
ship too vulnerable. 

Count Zeppelin appears to 
have realised this sooner than 
most. Although in February 1915 
he made the sweeping claim that 
the Zeppelin airship’s develop- 
ment ‘will govern the future of 
war’, he had already started 
manufacturing aeroplanes in the 
previous year. By early 1917 he 
was saying that ‘airships are an 
antiquated weapon. The aero- 
plane will control the air’. He 
particularly advocated large aero- 





L2 (LZ18) was a Type i Zeppelin 
designed for the German Navy, 


planes. Even before the war, he 
had realised the significance of 
the Russian Igor Sikorski’s (later 
Sikorsky) first large, multi-en- 
gined aeroplane, the Bolshoi Bal- 
tiski of 1913, and had taken steps 
to encourage similar develop- 
ments in Germany. Mainly as a 
result of his initiative, Germany 
led in the development of large 
aeroplanes throughout the First 
World War and also pioneered 
the all-metal monoplane which 
later led to the evolution of the 
very large, modern, long-range 
aeroplane. The Count died of 
pneumonia on 8 March, 1917. 
The great jet airliners of today 
are an ironic, but not unfitting, 
memorial to a remarkable man. 











Zeppelins Go to 
War — Types h, i, 
k, landm 








When the war began in August 
1914, the German Army had 
seven rigid airships in service, the 
Zeppelins ZIV, ZV, ZVI, ZVU, 
ZNVIII and ZIX, plus the wooden 
Schtte-Lanz S.L.II. The Navy 
had only one rigid, the Zeppelin 
L3. Two of the civil DELAG 
ships, Hansa and Sachsen, went 
to the Army and the third, Vikto- 
ria Luise, went to the Navy. On 
the face of it, therefore, the Army 
had a formidable fleet of rigids, 
while the Navy was lamentably 
weak in the new weapon. 

The Allies over-rated the capa- 
bilities of the German rigid air- 
ships and were afraid they would 
be used right away for bombing 
attacks on their towns and cities. 
They did not realise that the 
German High Command had dif- 
ferent ideas. It is true that there 
was a school of thought in the 
German Navy, led by Peter 
Strasser, the leader of the Naval 
Airship Division, which advo- 
cated the use of rigid airships for 
strategic bombing attacks, but it 
did not have the support of the 
High Command which was, in 
any case, prevented from adopt- 
ing such a policy by orders from 
the Kaiser. These banned any 
bombing attacks on non-military 
targets. Strasser also had ambi- 
tious ideas for the use of his air- 
ships in support of the Navy at 
sea, but with only one operational 
airship, he lacked the means to 
put them into effect. Once again, 
the Allies greatly over-estimated 
the Germans’ preparedness at 
this time. 

Incredibly enough at the be- 
ginning of the war, the German 
High Command believed that the 
main role of rigid airships should 
be in support of the Army at the 
front. It thought they could be 





ZV (LZ20), the last Type h ship, 
over Johannisthal aerodrome, Ber- 
lin, 


ZVI (LZ21), Type k, at Bruns- 
wick, 
(Popperfoto) 
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Tigplatz Toham 
‘Milikir Luftschiff 2.5. 











used for close-support bombing. 
As events swiftly proved, this 
concept was utterly wrong. As a 
result of it, four Army rigids 
were lost in the first month of the 
war. They were shot down by 
fire from the ground while trying 
to bomb the enemy near the 
front: three in the west and one 
over Poland in the east. 

After such a disastrous begin- 
ning, the High Command had 
second thoughts and the rigids 
were stopped from flying low 
over battle areas. However, the 
idea that airships could be used 
for tactical purposes in support of 
the armies died hard, and both 
rigid and pressure-airships conti- 
nued to be used for this purpose, 
although mainly at night, for sev- 
eral years. The German Army 
seems to have decided that it had 
no further use for rigids after 
LZ77 was shot down by anti-air- 
craft fire on 21 February, 1916, 


L3 (LZ24), first of the Type m 
L3 class. 
(Pritchard collection) 





at Révigny. It closed down its 
airship operations on 1 August, 
1917, 

Partly because of this preoccu- 
pation with tactical applications, 
and partly because of the Kaiser’s 
reluctance to allow cities to be 
bombed, the Germans made the 
serious mistake of not using their 
airships for strategic bombing on 
any scale until May 1915. In the 
first months of the war the Allies 
had no effective defence against 


airship attack, particularly at 
night. Even by May 1915, their 
defences were still pathetically 
weak. The Germans not only 
started late but they also took a 
long time to develop and exploit 
appropriate techniques and wea- 
pons for such attacks. By the 
time these began to have some 
chance of being effective, Allied 
defences had been greatly im- 
proved. Thereafter, despite re- 
markable technical improvements 
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ZVII (LZ22), Type 1, at Fried- 
richshafen in early 1914. 


This view of L3 (LZ24) shows 
well the outrigged propellers. 








in airships, the Allies managed to 
keep ahead so that the airship 
campaign had been completely de- 
feated before the end of the war. 
Strategic attacks, when they 
were at last launched on a signifi- 
cant scale, were mainly made by 
the German naval airships, al- 
though the Army also partici- 
pated. Before strategic bombing 
started, there was much political 
haggling between the two Ser- 
vices over which was to be re- 
sponsible for this type of warfare. 
The heavy losses suffered by the 
Army’s fleet of rigids, at the be- 
ginning of the war, were partly 


ZIX (LZ25), second of the Type 
m L3 class. It first flew at the end 
of July 1914. 


made good by the end of 1914 by 
the addition of three new Zeppe- 
lins. Two were of the powerful 
new L3 class which had been 
authorised in June 1913, ordered 
in October and developed for the 
Navy as a result of experience 
with L1 and L2. L3 herself, the 
first of the class, was the only 
naval Zeppelin at the outbreak of 
war (she had first flown on 11 
May, 1914) but she was joined, 
before the end of 1914, by no less 








than five similar ships, thus giv- 
ing the Navy, for the first time, a 
strong airship force which be- 
came more potent than the 
Army’s. 

L3 was basically a further de- 
velopment of the L1 class with a 
diameter of 14.9m (48ft 10!/2in). 
Like L1, the L3 class ships were 
all of 22,470cu m (793,518cu ft) 
capacity with 18 gas cells and 
were 158m (518ft 4!3in) long. 
The frames had an 8m (26ft 3in) 
spacing. There were intermediate 
semi-frames linking the eight low- 
est of the longitudinals, as on 
ZVI and ZVIII. L3 and the rest 
of the m and m2 type airships 
had a 10m (32ft 91/2in) bay amid- 
ships with a full intermediate ring 
in place of one of the 8m bays 
with the intermediate semi-frame. 
Top speed was 22.4m/s (50mph). 
The engines were the up-rated 
180hp version of the Maybach C- 
X which had become available 
from early 1914. These Zeppelins 
were the first with sufficient 
speed to have a genuine cross- 
country flying capability. ‘The 
performance was still marginal 
for maritime use but they were 
employed for reconnaissance over 
the North Sea and for a few of 
the early tentative attacks on tar- 
gets such as Paris and England’s 
east coast during the first part of 
1915. A typical offensive load for 
the L3 class was five 50kg (1101b) 
high explosive bombs and twenty 
3kg (6.51b) incendiary bombs. 

Despite their inadequacies, 
these ships were built in quantity 
at the start of the war because 
they were the best that could be 
quickly produced in numbers. 
During the latter half of 1914 and 
the beginning of 1915, they were 
being built in the Ring Shed at 
Friedrichshafen at a rate of one 
every five or six weeks. (Luft- 





schiffbau Zeppelin now employed 
nearly 1,000 people.) Six ships of 
this class were delivered to the 
Army, three of them being 
among the first Zeppelins manu- 
factured away from Friedrichs- 
hafen, at Potsdam-Wildpark, near 
Berlin, where a second produc- 
tion source was established in late 
1914 in a former operating shed. 
The fourth L3 class Army 
ship, LZ34, instead of being 
called ZXIII when she was com- 
missioned, continued, for super- 
stitious reasons, to be known by 
her works number. This new 
practice, once adopted, was ad- 
hered to for Army Zeppelins 
thereafter. In mid-1915, for rea- 
sons of security, the ship with the 
LZ44 works number was renum- 
bered LZ74 in the Army, and all 
later Army Zeppelins continued 
to be given a number which was 
their works number plus 30, a 
cause of much confusion to histor- 
ians but also, as was no doubt in- 
tended, to the Allied intelligence 
services. (See Appendix 6). 
Although L3 herself (desig- 
nated Type m) had the older type 
of tail unit with multiple control 
surfaces, the second ship (ZIX) 
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This view of ZIX shows the much 
improved tail surfaces compared 
with all previous Zeppelins includ- 
ing sistership L3. ZIX was desig- 
nated Type m2. 

(Pritchard collection) 


and the remainder of the class 
had much simplified cruciform 
tail units, similar to those already 
fitted by Schtte-Lanz to its rig- 
ids. They were identified as Type 
m2. This much better looking 
type of tail was standardised on 
Zeppelins from then. The aero- 
dynamically cleaner tail unit 
raised the top speed of later L3 
class ships to about 23.4m/s 
(52.34mph). The — improved 
streamlining of the tail, and other 
refinements such as better fairing 
of the keel into the nose of the 
hull and a more tapered line to 
the stern, resulted from the appli- 
cation of steadily increasing re- 
search in aerodynami and 
structures within the Zeppelin or- 
ganisation and at Gottingen and 
elsewhere. The influence of the 
Navy’s technical people was also 
significant from 1913 when they 
had been involved in the design 
of L2. 








Zeppelin LZ14 (Type h), Ll 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Friedrichshafen 

Number built: six 

Chief designer: L Drr 

Main structural material 
alloy 

Design began: April 1912 

First flight of type: 7 October, 
1912 

Powerplant: three 180hp Maybach 
B-Y six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 22,740cu m (LZ14); 19,500cu 
m (LZ15, 16, 17, 19, 20) 

Overall length: 158m (LZ14); 
142m (LZ15 and 16); 140m (LZ17, 
19, 20) 

Maximum diameter: 14.9m 

Spacing of main frames: 8.0m 

Fineness ratio: 10.6 (LZ14) 

Number of gas cells: 18 (LZ14); 
16 (LZ15, 16, 17, 19, 20) 

Number of main longitudinals: 17 

Empty weight: 17,900kg (LZ14) 

Typical gross lift: 26,100kg 
(LZ14); 22,700kg (LZ16) (1.16kg/cu 
m) 

‘Typical disposable load: 
(LZ14), 4,800kg (LZ16) 

Crew: 20 


Zn-Al 


8,200kg 





Zeppelin Type hLZ14 
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Zeppelin Type iLZ18 
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Maximum speed: 21.2m/s (47.42 
mph) 

Maximum range: 2,300km 
LZ14 Li First flight 
7.10,1912, last 
flight 9.9,1913, 68 
flights, destroyed 
in storm 9.9.15 
First flight 
16.1.1913, last 
flight 19.3.1913, 
33 flights, de- 
stroyed in storm 
19,.3,1913 
First flight 
14.3.1913, last 
flight 20.10.1916, 
419 flights, 
broken up late 
1916 
First flight 
3.5.1913, last 
flight 6.5.1914, 
980hr, converted 
to LZ17A with 
20,870cu m gas ca- 
pacity 
First flight 
1.8.1914, last 
flight 5.11.1916, 
broken up late 
1916 
First flight 
6.6.1913, last 
flight 13.6.1914, 
destroyed in 
storm 13.6.1914 
First flight 
8.7.1913, last 
flight 12.1913, con- 
verted 12.1913 to 
LZ20A with 
20,870cu m gas ca- 
pacity, last flight 
27 or 28.8.1914, 
Shot down by anti- 
aircraft fire 


LZ15 Ersatz ZI 


LZ16 ZIV 


LZ17 Sachsen 


LZ17A Sachsen 


LZ19 Desatz ZI 


LZ20 ZV 


Zeppelin LZ18 (Type i), L2 
Manufacturer: Luftschiffbau Zep- 
pelin GmbH 
Built in Friedrichshafen 


Number built: one 


Chief designers: L Drr and F 
Pietzker 

Main structural material: Zn-Al 
alloy 


Assembly began: June 1913 

First flight: 9 September, 1913 

Powerplant: four 180hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 27,000cu m. 

Overall length: 158.0m 

Maximum diameter: 16.6m 

Spacing of main frames: 8.0m. 

Fineness ratio: 9.52 

Number of gas cells: 18 

Empty weight: 20,250kg 

Typical gross lift: 31,350kg (1.16 
kg/cu m) 

Typical disposable load: 11,100kg, 

Crew: 23 

Maximum speed: 21,.0m/s (46.9 
mph) 

Maximum range: 2,100km 








LZ18 was flown for ten hours but 
burned in flight on 17 October, 1913 


Zeppelin LZ21 (Type k), ZVI 

Manufacturer; Luftschiffbau Zep- 
pelin GmbH 

Built at Friedrichshafen 

Number built: one 

Chief designer: L. Drr 

Main structural material: 
alloy 

Assembly began: July 1913 

First flight: 10 November, 1913 

Powerplant: three 180hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 20,870cu m 

Overall length: 148.0m 

Maximum diameter: 14.9m 

Spacing of main frames: 8.0m 

Fineness ratio: 9.93 

Number of gas cells: 17 

Empty weight: 15,450kg 

Typical lift: 
(1.16kg/cu m) 

‘Typical disposable load: 9,800kg 

Crew: 18 


Zn-Al 


gross 24,250kg 








Maximum speed: 20.5m]s (45.85 
mph) 
Maximum range: 1,900km 


LZ21 made its last flight on 6 Au- 
gust, 1914, when it was shot down by 
anti-aircraft fire 


Zeppelin LZ22 (Type 1), ZVII 
Manufacturer: Luftschiffbau Zep- 
pelin GmbH 
Built at Friedrichshafen 
Number built: two 
Chief designer: L Drr 


Main structural material: Zn-Al 
alloy 
Assembly began September 
1913 


First flight of type: 8 January, 
1914 

Powerplant: three 180hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 22,140cu m 
Overall length: 156.0m 
Maximum diameter: 14.9m. 
Spacing of main frames: 8.0m 
Fineness ratio: 10.47 
Number of gas cells: 18 
Empty weight: 16,850kg 
Typical gross lift: 
-16kg/cu m) 
‘Typical disposable load: 8,850kg 
Crew: 18 
Maximum speed: 20.0m/s (44.73 
mph) 

Maximum range: 1,900km 





25,700kg 


( 


LZ22 ZVII was shot down by 
anti-aircraft fire on 23 August, 1914. 

LZ23 ZVIII first flew on 21 Feb- 
ruary, 1914, and was also shot down 
by anti-aircraft fire on 23 August, 
1914 


Zeppelin LZ24 (Type m and 
m2), L3 class 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

All built in the double shed at 
Friedrichshafen except LZ30, LZ34 
and LZ37 built at Potsdam 
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Zeppelin Type k LZ21 
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Zeppelin Type 1LZ22 
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Zeppelin Type m L224 with LZ28 tail configuration inset 
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ean analy 
Number built: 12 Production 
Chief designer: L Drr Cin First Last Flights Disposal 
Main structural material: Zn-Al flight flight 
alloy 
Design began: October 1913 L224 L3  11.5.14 17.215 141 Wrecked. Forced landing on 
First flight of type: 11 May, 1914 Fan 1; Denmark 
Powerplant: three 180hp Maybach LZ25  ZIX 297.14 7/8.10.14 Bombed in shed at Dsseldorf 
C-X six-cylinder inline engines 7/8.10.14 
Gas capacity (100 per cent inflas LZ27 L4 288.14 17.215 48 Forced landing in Denmark 
tion): 22,470cu m 17.2.15 
Overall length: 158.0m L228 LS 22.9.14 6.8.15 92 Forced down by anti-aircraft fire 
Maximum diameter: 14.9m in Russia 6.8.15 
Spacing of main frames: 8.0m L229. ZX 13.10.14 21.3.15 Forced down by anti aircraft fire 
Fineness ratio: 10.61 at St Quentin 21.3.15 
Number of gas cells: 18 LZ30. ZX1 11.11.14 20.5.15 Burned on ground after blowing 
Number of main longitudinals: 17 away at Posen 20.5.15 
Empty weight: 16,900kg LZ31 L6 3.11.14 16.9.19 419 Burned in shed at Hamburg 
Typical gross lift: 26,100kg 16.9.16 
(1.16kg/cu m) LZ32. L7 20.11.14 4.5.16 . 164 Shot down by British cruisers off 
Typical disposable load: 9,200kg Horns Reef 4.5.16 
Maximum fuel: 4,000kg LZ33. L8 17.12.14 5.3.18 21 Shot down in Belgium by anti- 
Crew: 16 aircraft fire 5.3.15 
Maximum speed: 23.4m/s (52.34 LZ34 LZ34 6.1.15 — 21.5.15 Forced down by anti-aircraft fire 
mph) 21.5.15 in E Prussia 
Maximum range: 2,200km at LZ35  LZ35 111.15 13.415 Forced down in Belgium by anti- 
speed of 22.4m/s (50mph) aircraft fire 13.4.15 
Static ceiling: 2,800m LZ37 L237 28.2.15 7.6.15 Shot down by British aircraft over 


Cost: DM850,000 


Ghent 7.6.15 
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One of Count Zeppelin’s great 
qualities was his ability to pick 
good men and, having picked 
them, he was able to hold their 
loyalty. In the technical field dur- 
ing the period 1910-14, the 
Zeppelin organisation was joined 
by a number of extremely able 
engineers, several of whom later 
became well-known in their own 
right. They included Claude 
Dornier, Paul Jaray, Karl Arn- 
stein and Adolf Rohrbach. 

The results of the increased 
technical effort going into basic 
research and into the design and 
development of new Zeppelins 
began to show more clearly with 
the appearance of the next new 
design. This was LZ26 (ZXII), 
the third new Zeppelin to join 
the Army before the end of 1914. 

There had been reports as 
early as 1910 that future Zeppe- 
lins would be made of a new ma- 


terial to replace the zinc-alumi- 
nium alloy used until then, In 
that year, LZ7 Deutschland, the 
first of the ships built for 
DELAG introduced a new type 
of girder in the old material. (See 
Note 14) Even while LZ7 was 
under construction, incorporating 
the new girder, there was talk of 
her being the last ship to be built 
in zinc-aluminium alloy. But the 
new girder in the old material 
continued to be used on all Zep- 
pelins down to, and including, 
the L3 class which remained in 
production until early 1915. 





ZXII (LZ26), the only Type n 
Zeppelin. 
(Popperfoto) 


The first British rigid, the un- 
successful Vickers No.1 Mayfly 
which was directly inspired by 
the Zeppelin, was under con- 
struction during the period May 
1909 to May 1911. The structure 
of this ship was of duralumin, a 
new, stronger, —_ age-hardened 
aluminium alloy (containing small 
quantities of copper, manganese 


The sub-cloud car of ZXII in- 
vented by Oblt Ernst Lehmann. 














and silicon) which had been dis- 
covered by the German, Alfred 
Wilm, in the autumn of 1909. 
The patent rights for the alloy 
were held by Diiren Metallwerke 


AG of Diren, which put the 
metal on the market in 1910. The 
Zeppelin engineers were appar- 
ently dissatisfied at this time with 
the methods then available for 
rolling the new material into 
sheets and strips. 

By 1914 these difficulties had 
been largely overcome and Luft- 
schiffbau Zeppelin introduced a 
new duralumin girder for ZXII. 
The basic sections were similar to 
the earlier type but the built-up 
girder was larger in cross-section. 


Apart from the new girders, 
ZXII_ also introduced _ several 
other important — innovations. 


First of all, the diameter, 16m 
(52ft 6in), was greater than on 
previous Zeppelins. Second, the 
main-frame spacing was increased 
to 10m (32ft 10!/2in) and a full 
intermediate frame was intro- 
duced dividing the bay between 
the main frames. Thirdly, the 
continuous external V_ keel was 
inverted and built into the inside 
of the hull. This had been tried 
in the ill-fated L2. Now, how- 
ever, a partial, four-sided external 
keel-like structure, which would 
have contained the passenger 
cabin if ZXII had become a civil 
ship as originally intended, was 
added outside the hull, but ex- 
tended over only the middle part 
of its length. ZXII also had the 
simple cruciform tail unit fitted 
to most of the L3 class. Finally, 


while the two engines in the rear 
gondola drove bracket propellers, 
the single engine in the front 
gondola drove its pusher propel- 
ler direct for the first time in a 
Zeppelin, an arrangement which 
had been used previously on 
Schiitte-Lanz airships. The gon- 
dolas were enclosed. They had 
been intended to be open, origin- 
ally, as in previous civil ships. 

ZXIL was 161.2m = (528ft 
101/3in) long and had a capacity 
of 25,000cu m (882,870cu ft) in 
15 larger gas cells. Three 180hp 
Maybach C-X engines gave a top 
speed of 22.5m/s (50.33mph). Be- 
cause the Zeppelin works at Fried- 
richshafen and the new works at 
Potsdam were fully taken up with 
production of the L3 class, ZXII 
was assembled in the large opera- 
ting shed at Frankfurt, the only 
Zeppelin to be built there. ZXII 
flew, for the first time, on 14 De- 
cember, 1914, She had originally 
been ordered by DELAG but 
was now delivered straight to the 
Army, with which she gave good 
service on both the eastern and 
western fronts and bombed Paris 
on 17 March, 1916, During part 
of her career she was commanded 
by Ernst A Lehmann (1886: 
1937) who was to become famous 
as a postwar Zeppelin comman- 
der. 

Lehmann first tried out the 
sub-cloud car on ZXII. This was 
a small, streamlined gondola, de- 
signed to carry an observer. It 
could be lowered a considerable 
distance below the airship on a 
cable. The ship could then fly in, 
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L9 (LZ36), one of two Type o 
ships, was one of the first to have 
10m bays. 


Ernst A Lehmann the wartime 
Zeppelin commander continued 


with Zeppelin operations after the 
war, became a director of Deutsche 
Zeppelin-Reederei, and was fatally 
injured in the Hindenburg disaster 
at Lakehurst in 1937. 


or above, the clouds with only 
the small, practically invisible 
sub-cloud car hanging into the 
clear air below. The observer 
could then direct the ship over a 
target by telephone. This device 
was used for the first time to 
bomb Calais on 17 March, 1916, 

Towards the end of her career, 
ZXI1 ms to have been used 
for test purposes. An experimen- 
tal biplane glider-bomb was laun- 
ched from her on 27 April, 1917. 
ZXII was to have made her last 
flight on 8 August that year, but 
she survived the war and was ul- 
timately broken up by order of 
the Allies. 

ZXII represented the biggest 
single technical advance since the 
start of rigid airship develop- 
ment. She combined most of the 
results of all that had been learnt 
in Zeppelin development up to 
the war. In spite of this, only two 
other ships basically similar to 
ZXII were built: L9 for the Navy 
and LZ39 for the Army. They 
were assembled at Friedrichs- 
hafen and were completed in 
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Zeppelin Type n LZ26 
































SS 








Zeppelin Type 0 LZ36 
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March-April 1915, Because these 
ships were intended for military 
purposes from the beginning, 
ZXII’s external, keel-like struc- 
ture for the passenger cabin was 
deleted. L9 was thus the first 
Zeppelin without any visible keel 
since L2. Its removal gave a use- 
ful reduction in drag so that, with 
three 180hp Maybach C-X en- 
gines, these ships had a top speed 
of 23.6m/s (52.79mph). 

Within a few weeks of entering 
service on 17 May, 1915, LZ39 
had a narrow escape over Ostend 
when she was attacked by Cdr A 
W Bigsworth of the RNAS in an 
Avro 504. Bigsworth got above 
the airship and dropped four 9kg 
(20lb) bombs which hit and dam- 
aged the hull but failed to ignite 
the gas. The airship escaped to 
make a heavy landing. Three 
weeks later Flight Sub-Lieut R 
Warneford made a similar attack 
on the L3 class LZ37 in the same 
area and sent her down in flames. 
He was awarded the Victoria 
Cross. 

To take full advantage of the 
new technology incorporated in 
ZXIIL, a new, larger and higher- 
powered airship was required; 
this was something which the 
Navy had, in any case, been de- 
manding for a long time. In Au- 
gust 1914, the Navy took steps to 
get what it was sure would be its 
first practical naval airship. While 
this was being developed, it 
would have to put up with the 
interim L3 class which would, 


meanwhile, continue in produc- 
tion at the highest rate possible. 
The new naval airship require- 
ment led to the development of 
two new types of rigid airship, 
both in the million cubic feet 
class, the wooden Schiitte-Lanz 
S.L.3 class and the Zeppelin L10 
class. In August, examples of 
both were ordered by the Navy 
which also agreed to pay for the 
larger construction hangars both 
manufacturers would require in 
order to be able to build them. 


Zeppelin LZ26 (Type n) ZXII 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Frankfurt-am-Main 

Number built: one 

Chief designer: L Darr 

Main © structural 
ralumin 

Design began: August 1914 

First flight: 14 December, 1914 

Powerplant: three 180hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 25,000cu m 

Overall length: 161.2m 

Maximum diameter: 16.0m 

Spacing of main frames: 10.0m 

Fineness ratio: 10.1 

Number of gas cells: 15 

Empty weight: 16,800kg 

Typical gross _ lift: 
(1.16kg/cu m) 

‘Typical disposable load: 12,200kg 

Crew: 18 

Maximum speed: 22.5m/s (50.33 
mph) 

Maximum range: 3,300km 


material: du- 


29,000kg 





After more than 127 flights, LZ26 
made its last flight on 8 August, 
1917, and was broken up on 11 
July, 1919, at Juterbog 


Zeppelin LZ36 (Type o) L9 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Friedrichshafen 

Number built: two 

Chief designer: L Durr 

Main structural material: 
ralumin 

Assembly began: December 1914 

First flight of type: 8 March, 1915 

Powerplant: three 180hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 24,900cu m 

Overall length: 161.4m. 

Maximum diameter: 16.0m 

Spacing of main frames: 10.0m 

Fineness ratio: 10.09 

Number of gas cells: 15 

Empty weight: 17,800kg 

Typical gross ___ lift: 
(1.16kg/cu m) 

‘Typical disposable load: 11,100kg 

Crew: 16 

Maximum speed: 23.6m/s (52.79 
mph) 

Maximum range: 3,300km 

LZ36 made its 148th and last 
flight on 16.9.16 and was accidentally 
burned in its shed at Hamburg that 
day. 

LZ39 first flew on 24.4.15 and 
was forced down by anti-aircraft fire 
at Kovno, Russia, on 16.12.15 


du- 


28,900kg 











Wooden Rigids — 
Schiitte-Lanz 
8.L.1-20 








The Schiitte-Lanz company had 
been started in Mannheim as 
early as 1909 to manufacture 
rigid airships out of wood. The 
moving spirit was Johann Schiitte 
(1873-1940), a professor of ship- 
building at the Danzig Technical 
High School. He obtained the 
support of Karl Lanz and prob- 
ably of other Mannheim indus- 
trialists. Schiitte’s first airship 
differed in most respects from 
Zeppelin practice although gen- 
eral principles and basic configu- 
ration clearly derived from it. 
The streamlined shape was mod- 
elled on the Parseval pressure-air- 
ships. 

The S.L.1 was started in Sep- 
tember 1909 with the encourage- 


The S.L.1. The ‘geodetic’ structure 
is just visible through the outer 
covering. 
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The first Schiitte-Lanz airship, S.L.1. It first flew in October 1911 and, 
unlike Zeppelins, had a wooden structure. 

(Popperfoto) 








The structure of the S.L.1. 
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The Schiitte-Lanz S.L.1 under 
construction. The crossed spiral 
wooden girder construction was 
unique to this ship. 


ment of the Army, which was 
keen to see the appearance of a 
competitor to Zeppelin. As orig- 
inally designed in the winter of 
1908, and as first built, S.L.1 had 
elevator surfaces, each side of the 
hull both fore and aft, together 
with fixed fins at the tail, all 
similar to Zeppelin practice at 
that time. In other respects, not- 
ably the streamline shape in place 
of Zeppelin’s blunt-ended cylin- 
ders, S.L.1 represented an im- 
portant advance. The two large 
270hp Daimler J8L eight-cylin- 
der engines were installed in two 
cars and drove pusher propellers 
direct, a much tidier arrangement 
than Zeppelin’s bracket propel- 
lers. The ship was very large for 
its time, having a capacity of 
20,500cu m (723,950cu ft), but 
she had only seven gas cells. 

The most unusual feature of 
S.L.1 was the structure which 
was designed by Schiitte and Carl 
Huber (d.1911), a civil engineer. 
This was built up of crossed spir- 
als of wooden girders, forming a 
wire-braced cage of the required 


S.L.1 before fitting of lower fin 
and rudder. 
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Professor Johann Schiitte. 
(Deutsches Museum) 


S.L.2, the Schiitte-Lanz Type ‘b’, 
was the first successful four-engined 
rigid airship. It became the Army’s 
SLI. 


S.LAI flying the German Ensign 
from its stern. 





shape. It was similar to the geo- 
detic design in metal, developed 
twenty years later by B N Wallis, 
and used in a number of Vickers 
aeroplanes, including the Well- 
ington bomber of the Second 


World War. (See Note 15) A 
similar form of construction was 
also used for a small British rigid, 
the MacMechan/Marshall Fox 
airship, partly built, but not com- 
pleted, in 1915. S.L.1 had an 
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S.L.4, the second Type ‘e’ S.L.3 
class. 


S.L.3 Type ‘c’ S.L.3 class. 


Schiitte-Lanz Type ‘e’ S.L.8 class 
with lengthened tail cone and gun- 
ner’s position. 

















S.L.16 (‘e’9) of the S.L.8 class. 


SLAIS (S.L.XV) of the S.L.8 
class. 


internal passageway along the 
bottom of the hull but this was 
structurally less important than 
Zeppelin’s external V keel. The 
wood used for the structure was 
variously reported as Russian 
white fir, American pine, ash, pop- 
lar and laminated aspen wood. 

S.L.1 flew for the first time on 
17 October, 1911, and, following 
various vicissitudes, including an 
accident on an early test flight in 
which she dived into the ground, 
was modified several times. S.L.1 
was finally wrecked on 17 July, 
1913, when forced down while 
returning to Berlin after a trip to 
Konigsberg. As with the early 
Zeppelins, trouble was experi- 
enced initially with instability and 
lack of control. This was put 
right by the adoption of a simple 
cruciform tail unit, the first of a 
type which was later to be 
adopted for all rigid airships. 

The spiral form of construc- 
tion also proved unsatisfactory 
and the glued joints gave trouble 
because Scotch glue, which is af- 
fected by damp, seems to have 
been used. As a result, when con- 
struction of S,L.2 started in Feb- 
ruary 1913, she had a new form 
of structure, basically similar to 
that of the Zeppelins with 
radially-braced frames and longi- 
tudinals, but made of wooden 
trellis girders with aluminium fit- 
tings. The number of gas cells 
(fifteen) was similar to that in the 
Zeppelins. Schiitte-Lanz may 
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have switched to casein cement 
(Kaltleim) for this airship; they 
certainly did so for all their later 
airships. This new glue had been 
invented in Switzerland and was 
patented in 1892. It was adopted 
in Germany at about this time as 
the standard aircraft glue because 
of its resistance to damp, and it 
continued to be used for aircraft 
until the discovery of ureaformal- 
dehyde resin glues in Britain, in 
the 1930s. 

S.L.2 was the first successful 
four-engined rigid airship. She 
had 180hp (later 210hp) Maybach 
C-X engines, mounted in four 
separate cars, two of which were 
in ‘wing’ positions away from the 
centreline, a practice which was 
to be generally adopted in later 
airships. S.L.2, like her predeces- 
sor, was of good streamlined 
shape and had a capacity of 
25,000cu m (882,870cu ft), which 
made her second in size when she 
first flew on 28 February, 1914, 
only to the unsuccessful L2. Her 
structure, despite being basically 


of Zeppelin type, but in wood, 
also introduced an arrangement 
whereby there were three 12m 
(39ft 4!/3in) bays and other 
frames, spaced at 8 and 5m (26ft 
3in and 16ft 43/4in) intervals. The 
12m bays were each divided by 
two light intermediate frames. 

S.L.2, purchased by the Army 
in May 1914 (and thereafter des- 
ignated S.L.II) operated with 
some distinction on both eastern 
and western fronts after the war 
began. In April 1915, she was 
withdrawn from service and en- 
larged to a capacity of 27,000cu 
m (953,500cu ft), her length 
being increased from 144m (472ft 
Sin) to 156m (511ft 9!/2in). She 
returned to service in August and 
was subsequently used intensively 
on operations, including a bomb- 
ing attack on eastern England on 
7-8 September, 1915. She was 
destroyed in a storm on 10 
January, 1916. 

Schiitte-Lanz proposed =a 
31,500cu m (1,112,407cu ft) de- 
sign based on S.L.II, to the Navy 
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in October 1913, but this was not 
ordered, partly — it was alleged — 
because Schiitte was not liked by 
Admiral von Tirpitz. However, 
this submission led to the order 
from the Navy in August 1914 
for S.L.3 to be delivered by the 
end of the year. 

S.L.3 was also four-engined 
(Maybach C-X) and of 32,410cu 
m (1,144,549cu ft) capacity. She 
was like S.L.II with her stream- 
lined hull but she had seventeen, 
instead of S.L.II’s original fifteen 
gas cells. She was 153.1m (502ft 
31/sin) long with a maximum 
diameter of 19.75m (64ft 91/2in). 
Her speed was 23.5m/s (52.56mph). 

There were delays while the 


Navy enlarged in metal the 
Schiitte-Lanz wooden shed at 
Mannheim-Rheinau. But once 


pei " 
Dec aassaaasa' 


this work had been completed, 
S.L.3 was rapidly assembled and 
flew, for the first time, on 4 Feb- 
ruary, 1915. She was handed over 
to the Navy soon afterwards, 
being at that time the largest air- 
ship in the world and thus two 
months ahead of the competitive 
first ‘million cubic feet’ Zeppelin. 
Two other $.L.3 class ships were 
ordered by the Navy and de- 
livered later in 1915 but the 
wooden Schiitte-Lanz were never 
popular with Peter Strasser, head 
of the Naval Airship Division, 
who was convinced that the 
wooden girders were inherently 
weak and suffered from faulty 
workmanship. The third ship, 
S.L.5, was diverted to the Army 
where it became S.L.V. S.L.3 
and $.L.4 had an appalling suc- 





S.L.9, second of the Type ‘e’ S.L.8 
class. 


S.L.22, third, and last, of the 
Type ? S.L.20 class. 


cession of girder failures, collapse 
of fins and rudders and separ- 
ation of ring joints. All three 
ships were lost in bad weather in 
the Baltic theatre over s seven- 
month period. 

‘Two further Schiitte-Lanz ships 
appeared in 1915, the Navy’s 
S.L.6 and the Army’s S.L.VII. 
‘These were simple ‘stretches’ of 
the S.L.3 class, having one extra 
9m (29ft 6in) bay which gave 
them a capacity of 35,130cu m 
(1,267,600cu ft). 

The S.L.8 class, the first of 
which flew on 30 March, 1916, 
was a further development of the 
same design. The first two ships 
of this class, which were de- 
livered to the Navy, have been 
reported — probably incorrectly — 
to have been of the same capacity 
as S.L.6/VII. It is more likely 
that these two ships were of the 
same design as the remaining 
eight ships in the class, two of 
which went to the Navy. These 
had a 12m (39ft 4!/3in) bay, 
added at their greatest diameter, 
and thus achieved an increase in 
maximum diameter as well as 
being longer. The capacity was 
increased to 38,780cu m 
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Schiitte-Lanz Type ‘b’ $.L.2 
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(1,369,504cu ft). Some of these 
ships did a great deal of flying 
but they never converted the 
Navy into exhibiting any real en- 
thusiasm for wooden rigids. An 
Army ship of this class, S.L.XI, 
suffered a terrible fate when she 
became the first rigid to be shot 
down in flames near London on 3 
September, 1916, the first victim 
of the recently invented Pomeroy 
incendiary ammunition. (See 
Note 16). Capt Leefe Robinson, 
who made the successful attack, 
was awarded the VC. 

The first airship of Schitte- 
Lanz’s last class, the S.L.20s 
(Type ‘f’), made its maiden flight 
at Rheinau in September 1917. 
Delivered to the Navy, she was 
one of the five airships destroyed 
in the disastrous explosion at the 
Ablhorn base in January 1918. 
Two other ships in this class 
were built: S.L.XXI for the 
Army and S.L.22 for the Navy. 
Although both were flown, nei- 
ther took part in operations. ‘They 
were the first airships to have 
rectangular wooden girders in- 
stead of the triangular type used 
in S.L.20 and previous ships. 

Schiitte-Lanz may have origin- 
ally intended to adopt a tubular 
duralumin structure for the 
S.L.20 class but, in the event, the 
first metal Schiitte-Lanz airship 
(S.L.24) was not completed by 
the end of the war and was never 
flown. 


Schiitte-Lanz S.L.1 (Type ‘a’) 

Manufacturer: Luftschiffbau 
Schutte-Lanz GmbH 

Built at Rheinau near Mannheim 

Number built: one 

Chief designers: J Schiitte and C 
Huber 

Main structural material: wood 

Design began: September 1908 

First flight: 17 October, 1911 

Powerplant: two 240hp Daimler 
J8L eight-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 20,500cu m 

Overall length: 131.0m 

Maximum diameter: 18.4m. 

Spacing of main frames: 12.0m 

Fineness ratio: 7.1 

Number of gas cells: seven 

Number of longitudinals: 48 

Empty weight: 19,300kg 

Typical gross lift: 
(1.16kg/cu m) 

Typical disposable load: 4,500kg 

Maximum fuel: 1,100kg 


23,800kg 


Crew: 12 

Maximum speed: 19.7m/s (44.06 
mph) 

Maximum range: 1.060km at 


speed of 14,7m/s (32.88mph) 
Static ceiling: 1,700m. 
Cost: DM500,000 


$.L.1 was wrecked on 17 July, 
1913, after 53 flights 


Schiitte-Lanz $.L.2 (Type ‘b’) 
S.L.II 
Manufacturer: 
Schutte-Lanz GmbH 
Built at Rheinau near Mannheim 


Luftschiffbau 


Number built: one 

Chief designer: J Schitte 

Main structural material: wood 

Design began: February 1913 

First flight: 28 February, 1914 

Powerplant: four 180hp Maybach 
C-X six-cylinder inline engines (later 
210hp) 

Gas capacity (100 per cent infla- 
tion): 25,000cu m; 27,500cu m (leng- 
thened) 

Overall 
(lengthened) 

Maximum diameter: 18.2m 

Spacing of main frames: 12.0m 

Fineness ratio: 7.92 

Number of gas cells: 15 

Number of main longitudinals: 20 

Empty weight: 21,000kg 

Typical gross lift: 29,000kg 
(1.16kg/cu m). 31,800kg (lengthened) 

Typical disposable load: 8,000kg, 
10,800kg (lengthened) 

Maximum fuel: 4,000kg 


length: 144.0m; 156m 


Crew: 19 

Maximum speed: 24.5m/s (54.8 
mph) 

Maximum range: 2,100km at 


speed of 24.5m/s (54.8mph) 
Static ceiling: 2,000m 
Cost: DM1,000,000 


S.L.2 (S.L.11) made its last flight 
in April 1915 before being leng- 
thened by 12m (39ft 41/3in) and ca- 
pacity increased by 2,000cu_m 
(70,629cu ft). In lengthened form, 
still with the same designation, $.L.2 
flew in August 1915 and made six 
war flights before being wrecked in a 
storm at Luckenwalde on 10.1.1916 
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Schiitte-Lanz Type ‘c’ S.L.3 (S.L.3 class) 
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Schiitte-Lanz Type ‘d’ S.L.6 (S.L.6 class) 


























SE 

















ay 








Schiitte-Lanz (S.L.3 (Type ‘c’) 
(S.L.3 class) 

Manufacturer: Luftschiffbau 
Schutte-Lanz GmbH 

First of type built at Rheinau near 
Mannheim, $.L.4 built at Sandhofen 
near Mannheim and §.L.5 at 
Darmstadt 

Number built: three 

Chief designer: J Schatte 

Main structural material: wood 

Design began: August 1914 

First flight of type: 4 February, 
1915 

Powerplant: four 210hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 32,410cu m. 

Overall length: 
sometimes quoted) 

Maximum diameter: 19.75m 

Spacing of main frames: 9.0m 

Fineness ratio: 7.77 

Number of gas cells: 17 

Empty weight: 24,400kg 

Typical gross lift: 37,600kg (1.16 
kg/cu m) 

‘Typical disposable load: 13,200kg 

Crew: 19 

Maximum speed: 23.5m/s (52.56 
mph) 

Maximum range: 2,500km 











153.1m (156m 


Schiitte-Lanz $.L.6 (Type ‘d’) 
(S.L.6 class) 

Manufacturer: Luftschiffbau 
Schiitte-Lanz GmbH 

First of type built at Mockau near 
Leipzig, S.L.7 built at Rheinau near 
Mannheim 

Number built: two 


Production (S.L.3 class) 





Cin First Last 
flight ‘flight 
S.L.3 S.L.3 4.2.15 1.5.16 7 
L4 S.L.4 25.4.15 15.12.15 32 
S.L.5  S.L.V 21.5.15 5.7.16 


Flights Disposal 


Wrecked in Baltic 1.5.16 
Wrecked in shed at Seddin by 
storm 5.12.15 

Destroyed in storm at Giessen 
5.7.16 





Chief designer: J Schutte 

Main structural material: wood 

Design began: about January 1915 

First flight of type: 19 September, 
1915 

Powerplant: four 210hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 35,130cu m 

Overall length: 162.1m 

Maximum diameter: 19.7m 

Spacing of main frames: 9.0m 

Fineness ratio: 8.23 





lift: 


Typical gross 
(1.16kg/cu m) 

‘Typical disposable load: 15,800kg 

Crew: 16 

Maximum speed: 25.8m/s (57.71 
mph) 

8.L.6 (Navy S.L.6) made seven 
flights with the Navy. Exploded after 
leaving shed at Seddin 18.11.15. 

S.L.7 (Army S.L.VI1) first flew 
on 3.9.15, last flew on 6.3.17 and was 
then broken up at Jiiterbog 


40,700kg 


Schiitte-Lanz S.L.8 (Type ‘e’) 
(S.L.8 class) 

Manufacturer: Luftschiffbau 
Schutte-Lanz GmbH 


First of type built at Mockau near 
Leipzig, others at Rheinau and 
Zeesen 

Number built: 10 or 12 

Chief designer: J Schutte 

Main structural material; wood 

Design began: March 1915 

First flight of type: 30 March, 1916 

Powerplant: four 240hp Maybach 
H-S-Lu six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 38,780cum_~—(S.L.10-19); 
35,130 cu m sometimes quoted for 
S.L.8/9) 

Overall length: 174.0m. 

Maximum diameter: 20.1m 

Spacing of main frames: 9.0m 

Fineness ratio: 8.66 

Number of gas cells: 18 (S.L.8/9); 

9 (S.L.10-19) 

Empty weight: 22,000kg 

Typical gross lift: 40,750kg 
(S.L.8/9);  45,000kg  (S.L.10-19), 
(1.16kg/cu m) 

Typical disposable load: 18,750kg 
(S.L. 8/9); 23,000kg (S.L.10-19) 

Crew: 16 

Maximum speed: 26.9m/s (60.17 
mph) 
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Schiitte-Lanz Type ‘e’ S.L.8 (S.L.8 class) 
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Schiitte-Lanz Type ‘f’ S.L.20 (S.L.20 class) 
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Schiitte-Lanz S.L.20 (Type ‘f’) 


Production (S.L.8 class) 


(S.L.20 class) Cin First Last Flights Disposal 
Manufacturer: Luftschiffbau flight flight 
Schutte-Lanz GmbH S.L.8 S.L.8  30.3.16 20.11.17 90 Broken up at Seddin 
First and last of type built at  S.L.9 S.L.9 245.16 30.3.17 48 Burned in flight (lightning) 
Rheinau near Mannheim. $.L.21  $.L.10 S.L.X 17.5.16 28.716 Lost in Black Sea 
built at Zeesen S.L.11 S.L.XI 2.8.16 3.9.16 Shot down near London by 
Number built: three RFC 
Chief designer: J Schutte SL.12 S.L.12 9.11.16 28.12.16 9 with Forced landing at Ahlhorn 
Main structural material: wood Navy 
Design began: July 1915 S.L.13 S.L.XII 19.10.16 8.2.17 Burned in shed at Leipzig 
First flight of type: 10 September,  S.L.14 S.L.1423.8.16  11.5.17 20 Forced landing at base and 
1917 broken up 
Powerplant: five 240hp Maybach $.L.15 S.L.XV 9.11.16 25.4.17 Broken up 8.17 
H-S-Lu six-cylinder inline engines S.L.16 ‘9 18.1.17 7.4.17 Broken up 8.17 
Gas capacity (100 per cent infla-  S.L.17 ‘e’10 22.3.17 25.417 Broken up 8.17 
tion): 56,000cu m S.L.18 ‘e’11 8.2.17 Completion unconfirmed 
Overall length: 198.3m S.L.19 ‘e712 Completion unconfirmed 


Maximum diameter: 22.96m. 
Spacing of main frames; 10.0m 
Fineness ratio: 8.66 





Production (S.L.20 class) 


Nusiber of. ges valle: 19 Cin First Last Flights Disposal 
Number of main longitudinals: 17 Slight Slight 
: ; $.L.20 $.L.20 10.917 5.1.18 15 Destroyed in Ahlhorn 
Empty weight: 27.100kg ; 
Typical gross lift: 65,000kg explosion 
fi sence , $.L.21 S.L.XXI 26.11.17 February Trials Broken up 2.18 
“Typical disposable load: 37,900k or f2 iis tony 
er Nie hes $.L.22 $.L.22 5.6.18 June 1920Trials Broken up 6.20 


Maximum speed: 28.5m/s (65.4 
mph) 
Static ceiling: 5,000m 


only 
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LZ38, Type p, first of the L10 
class. 
(Pritchard collection) 


L10 (LZ40), the second L10 class 
ship. 


L11 (LZ41) of the L10 class with 
L8 dimly seen in the background. 




















Million Cubic 
Feet Zeppelins — 
L10 and L20 
classes 








The first million cubic feet Zep- 
pelin was an Army ship, LZ38, 
which first flew on 3 April, 1915, 
but the majority of the L10 class 
were supplied to the Navy. The 
first had been promised by 
January 1915, but delivery of 
ships in this class was much be- 
hind programme. A total of six- 
teen were built in the new 
Friedrichshafen Factory Shed I 
(constructed by the Navy for the 
purpose), and in the operating 
hangars at Potsdam, near Berlin, 
and at Lowenthal, near Fried- 
richshafen — these last two han- 
gars having been turned over to 
manufacture in order to accel- 
erate production. In addition, six 
other L10 class ships were built 
at Lowenthal and Potsdam but 
were converted almost at once, by 
lengthening by one 10m and one 
5m bay, to L20 class standard. 
The L20 class, of which twelve 
further ships were built, was sim- 
ply a ‘stretched’ L10 class, with 
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fire near Salonika in May 1916. 


L13 (LZ45). 
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improved 240hp Maybach H-S- 
Lu engines, At the peak, L10 and 
L20 class ships were being pro- 
duced at the rate of more than 
one a month from each of the 


production lines at Friedrich- 
shafen, Lowenthal and Potsdam. 
This was a considerable industrial 
achievement. 

The L10 class was the first 
Zeppelin to break away from the 
blunt-ended cylindrical configu- 
ration which had been retained 
since the earliest designs. Ad- 
vancing aerodynamic knowledge 
had established, soon after re- 
search into optimum hull shapes 
had begun at Gottingen in 1908, 
that fatter, streamlined shapes 


120 (LZ59), first of the Type q 
120 class, after being wrecked on 
the Norwegian coast in May 1916. 
(Pritchard collection) 


were superior to long, thin cylin- 
ders, because of the importance 
of skin friction. This knowledge 
seems to have _ influenced 
Schiitte-Lanz from the begin- 
ning. It now began to be taken 
into account by the Zeppelin de- 
signers also. Some compromise 
with a purely cylindrical shape 
was, however, retained to ease 
production problems. 

The original L10 class had a 
gas capacity of 31,900cu m 
(1,126,533cu ft) and the 10m 


The Army’s LZ90 (cin LZ60) 
emerging from its shed. 


main frame spacing and other 
structural features of ZXII, al- 
though apparently the keel was of 
less structural importance. ‘The 
hull had a larger diameter, 18.7m 
(61ft 4!/2in). These ships had six- 
teen gas cells and were 163.5m 
(536ft 43/4in) long. The first nine 
ships had four 210hp Maybach 
C-X engines which gave a top 
speed of 25.0m/s (55.92mph). 
Later ships had the 240hp H-S- 
Lu motor which first became 
available in August 1915. One en- 
gine was in the front gondola and 
drove a pusher propeller direct. 
The other three were in the rear 
gondola; one drove a pusher pro- 
peller direct and the other two 
drove bracket propellers on each 
side of the hull. The H-S-Lu en- 
gines gave a great deal of trouble 
at first, and in March 1916, five 
of the class had to be withdrawn 
from service with the Navy for 
engine modifications. The prob- 
lems were eventually solved and 
the new engines gave good ser- 
vice. They increased the speed of 
L10 class to 26.7m/s (59.72mph) 
which gave a reasonable cross- 
country performance. 

From an operational point of 
view, the L10 and L20 classes 
were probably the most import- 
ant rigid airships of the war. 
They were very handy ships with 
a just-adequate speed for long- 








Three great Zeppelin personalities 
— Dr Hugo Eckener, Count Ferdi- 
nand von Zeppelin and Korvetten- 
kapitdan Peter Strasser. 


A contemporary painting of L19 
(LZ54), an L10 class ship, with a 
boarding party launched to 
examine the papers of a Scandina- 
vian ship. 

(Popperfoto) 





distance sorties. Their smaller 
size, compared with the larger 
ships which came later, was al- 
ways remembered as a good 
point, easing the handling on the 
ground that was always the big- 
gest problem with any airship. 
Although their military loads, 
range, speed and climb were infe- 
rior to later ships, they were able 
to undertake more in the military 
sense than their successors be- 
cause they were operating in a 
less hostile environment. That is 


to say, the Allied defences were 
less developed, both relatively 
and in absolute terms. 

This point is brought out if 
the numbers of bombing raids 
against the United Kingdom by 
each class of airship are com- 
pared: 





Class of Percentage of 
Airship total raids 
S.L. types 2 per cent 
L3 3 per cent 
L10 40 59 per 
L.20 19 } cent 


L48 Height-climber 3 28 per 
L53 Height-climber 6 
L70 2 per cent 


Various LZ prototypes 6 per cent 


L30 Super-Zeppelin " 


Furthermore, because of the 
steadily increasing effectiveness 
of the defence against airships, 
more than half of all airship at- 
tacks made on Britain, and these 
mainly the more effective ones, 
occurred in 1916 when the L10 
and the L20 class ships under- 
took about 80 per cent of the suc- 
cessful sorties. 

L10 and L20 class ships 
achieved a great deal. The 
Army’s LZ38 was the first air- 
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Zeppelin Type p LZ38 (L10 Class) 


















































Zeppelin Type q LZ59 (L20 Class) 
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ship to bomb London, Five L10 
class and four L20 class ships 
took part in the Battle of Jutland, 
although ineffectively. L14 was 
probably the most successful 
military airship ever built. (Apart 
from being one of the airships at 
Jutland, she made no less than 
twenty-four attacks on Britain 
and, after starting her career in 
August 1915, survived the war, 
having made 526 flights.) In the 
technical field, these ships ex- 
ploited advances in the use of 
radio and navigational aids. Radio 
had been installed in Zeppelins 
since the earliest tests with LZ6 
in September 1909, but it had 
been greatly developed since then 
and had become an essential con- 
tributor to the Zeppelin’s effec- 
tiveness for patrol work over the 
sea as well as providing com- 
munications and navigational aid 
during long-range bombing at- 
tacks. Direction-finding radio was 
used from early in the war on L3 
class ships and a radio compass 
was fitted to some L10 class 
ships. 


Zeppelin LZ38 (Type p) 
L10 class 


Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

First of type and seven others 
built at Friedrichshafen. Seven built 
at Lowenthal and seven at Potsdam 

Number built: 22 

Chief designer: L Diirr 

Main _ structural 
ralumin 

Design began: August 1914 

First flight of type: 3 April, 1915 

Powerplant: four 210hp Maybach 
C-X six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 31,900cu m 

Overall length: 163.5m. 

Maximum diameter: 18.7m 

Spacing of main frames: 10.0m 

Fineness ratio: 8.68 

Number of gas cells: 15 

Number of main longitudinals: 19 

Empty weight: 20,800kg 

Typical gross _ lift: 
(1.16kg/cu m) 

‘Typical disposable load: 16,200kg 

Maximum fuel: 4,800kg 

Crew: 18 


material: du- 


37,000kg 


Maximum speed: 26.7m/s (59.72 
mph) after re-engining 
Maximum range: 4,300km at 


speed of 25.0m/s (55.92mph) 
Static ceiling: 2,800m 
Price: DM1,360,000 


Zeppelin LZ59 (Type q) 
120 class 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

First of type and LZ65 built at 
Friedrichshafen. Four built at 
Lowenthal and six at Potsdam 

Number built: 12 

Chief designer: L Durr 

Main structural material: 
umin 

Design began: October 1915 

First flight of type: 21 December, 
1915 

Powerplant: four 240hp Maybach 
H-S-Lu six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 35,800cu m 

Overall length: 178.5m 

Maximum diameter: 18.7m 

Spacing of main frames: 10.0m 

Fineness ratio: 9.55 

Number of gas cells: 18 

Empty weight: 23,650kg 

Typical gross lift: 
(1.16kg/cu m) 

Typical disposable load: 17,900 kg 

Crew: 16 

Maximum speed: 26.5m/s (59.27 
mph) 

Maximum range: 4,300km 


dural- 


41,550kg 
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Production (L10 class) 
Cin First. Last ‘lights. Disposal 
flight flight 

LZ38 LZ38 3.4.15 7.6.15 Bombed in shed at Evére 7.6.15 

LZ40 L10 13.5.5 28 Burned in flight 

LZ41 LAL 7.6.15 394 Broken up 

LZ42 L272 15.6.15 Broken up 

LZ43 12 21.6.15 14 Burned at Ostend after AA 
damage over England 

L744 LZ74 8.7.15 8.10.15 2 Hit mountain 8.10.15 

bombing raids 

LZ45 L13 23.715 304.17 159 Broken up 

LZ46 LA4 9.8.15 23.6.19 526 Broken up, 23.6.19 

LZ47 L277 248.15 21.2.16 Shot down by AA, 21.2.16 

LZ48 LIS 9.9.15 1.4.16 36 Shot down by aircraft 

LZ49 LZ79 2.8.15  30.1.16 Shot down by aircraft 

LZS0 L16 23.9.15 19.10.17 235 Destroyed landing 

LZ51 LZ81 7.10.15 Converted to LZ51A 

LZS1ALZ81 3.3.16 27.9.16 Shot down by AA fire 

LZ52 Li 3.11.15 17.1115 4 Burned in shed 

LZ53 L17 20.10.15 28.12.16 73 Burned in shed 

LZ54 L19 27.11.15 2.2.16 14 Shot down by AA fire 

LZ55 LZ83 12.9.15 5.5.16 Shot down by AA fire 

LZ56 LZ86 10.10.15 Converted to LZ56A 

LZ56ALZ86 211.16 4.9.16 Wrecked on landing 

LZ37_LZ87 6.12.15 Converted to LZ57A 

LZS7ALZ87 1.5.16 28.7.17 Broken up 

LZ58 LZ88 14.11.15 Converted to LZ58A 

LZ58ALZ88_ 3.2.16 1soa9y Broken up 

LZ60 LZ90 1.1.16 Converted to LZ60A 

LZ60ALZ90 29.416 7.11.16 Destroyed in storm 

LZ63 LZ93 23.2.16 Converted to LZ63A 

LZ63ALZ93 184.16 July 1917 Broken up 


Converted ships with A-suffix c/ns had 35,800cu m capacity. LZ44 and 
LZ45 had 31,600cu m capacity. All other ships in the L10 class were of 
31,900cu m capacity. 


Production (L20 class) 
Cin First Last 

flight flight 
LZ59 L20 21.12.15 3.5.16 
LZ61 L21 10.116 28.11.16 
LZ64 L22 2.3.16  14.5.17 
LZ65 LZ95 31.1.16 22.2.16 
LZ66 123 8.4.16 — 21.8.17 
LZ67 LZ97 4.4.16 5.7.17 
LZ68 LZ98 28.4.16 Summer 1917 
LZ69 L24 20.5.16 28.12.16 
LZ71 LZ101 29.6.16 Autumn 1917 
LZ73 LZ103 8.8.16 Summer 1917 
LZ77_ LZ107 16.10.16 Summer 1917 
LZ81 LZ111 20.12.16 Summer 1917 


Flights Disposal 


15 Wrecked in Norway 

70 Wrecked off Yarmouth by 
AA fire 

81 Shot down by British 
aircraft off 'Terschelling 
Forced down by AA fire 


near Namur 

101 Shot down by RFC 
Broken up 

50 Broken up, 5.8.19 

45 Burned entering shed at 


‘Tondern 28.12.16 
Broken up, 20.9.19 
Broken up, 12.8.19 at 
Kénigsberg by Allies 
Broken up, 6.8.19 at 
Darmstadt by Allies 
Broken up, 10.8.19 at 
Dresden by Allies 








————————————O 


Super-Zeppelins 
— L380 class 


So ——t 





‘The operational success of the 
L10 and L20 classes encouraged 
the development of the next Zep- 
pelin in the series, the famous 
L30 class which was known to 
the Allies as the Super-Zeppelin. 
If L10 and L20 were operation- 
ally the most successful, L30 was 
historically the most important 
rigid to be produced in the whole 
forty years of the rigid airship’s 
history. Technically, it was out- 
standingly successful, not only in 
itself but also as the basis of all 
other types of Zeppelin produced 
during the war. Furthermore, 
rigid airships built in both the 
United Kingdom and the United 
States, were direct copies of 
either L30 or its derivatives. 

Design started in April 1915 to 
meet a Navy request to the two 
rigid airship manufacturers for 
the largest airship which could be 
accommodated in existing sheds. 
A formal requirement was issued 
in April and a contract signed in 
July. Assembly of the prototype 
began in Factory Shed I at Fried- 
richshafen in February 1916 and 
she was flown, for the first time, 
on 28 May. 

L30 was the first six-engined, 
two million cubic feet airship. 
Although remaining completely 
independent, Zeppelin and 
Schiitte-Lanz were induced to 
pool their experience, exchange 
patents and compare results of 
their research in about May 1915. 
L30 thus incorporated all that 
had been learned in Germany 
about rigid airship design up to 
that time, and she also benefitted 
from the extensive research and 
development in related fields 
which had intensified since the 
start of the war. To begin with, 
the shape of the hull represented 
a careful compromise between the 
ideal streamlined shapes which 
had been favoured by Schiitte- 
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Lanz and some of the pressure- 
airship designers, and the need to 
use as many standard frames as 
possible to ease production prob- 
lems. The structure of the hull 
represented a significant step for- 
ward from the ZXII type which 
had been used in the L10-L20 
class. Not only was an entirely 
new form of girder adopted, of 
much larger cross-sectional dimen- 
sions and built up from new 
basic sections, but the structure 
itself was radically new, with a 
marked reduction in the number 
of main longitudinals (nineteen in 
L10 now reduced to only thir- 
teen). Twelve lighter intermedi- 


ate longitudinals between the 
main members gave the outside 
cover a_ better profile. The 
diameter was increased to 23.9m 
(78ft 5in) but the main-frame 
spacing was kept to 10m_ with 
single intermediate frames. ‘The 
main-frames themselves were 
strengthened by _ king-posted 
trussing. The only major innova- 
tion was the addition of a wire 
along the axis of the airship. This 
passed through the gas cells and 
anchored the radial wiring in the 
plane of each main-frame. 

The L30 had six 240hp May- 
bach H-S-Lu engines, four ar- 
ranged as in the L10 class ships 





L31 (LZ72) second of the Type r 
L30 class Super-Zeppelins. 


130 (LZ62), the prototype Type r 
which first flew at the end of May 
1916. 


and two more in wing cars (a 
Schitte-Lanz innovation). Al- 
though the L30 prototype (LZ62) 
was slightly smaller, production 
ships had nineteen gas cells of a 
total capacity of 55,200cu m 
(1,949,373cu ft). The fifth L30 
class ship (L34), introduced an 
impermeable outer cover and gas 
shafts, features deriving directly 
from Schitte-Lanz experience. 
L30 caused something of a 
sensation when she first ap- 
peared, She was the first airship 
to exceed 100km/h, with a speed 
of 28.7m/s (64.19mph). With her 
ceiling of 3,900m (12,795ft) and a 
permitted maximum rate of climb 
of 10m/s (1,968ft/min), she was 
reckoned to be fully capable of 
dealing with the ever stronger 
defences of the Allies. Her 
military load could include up 
to sixty assorted bombs to a 
total weight of nearly 5,000kg 
(11,000Ib). Peter Strasser, who 
had done much to encourage 
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Ludwig Durr and his engineers 
to develop the new ship, was con- 
fident that he had a potent new 
weapon in his hands. The need 
was for production in order to 
put a useful number into service 
with the Naval Airship Division 
as soon as possible. 

Count Zeppelin travelled in 
L30 when she was delivered from 
Friedrichshafen to her operational 
base at Nordholz on 30 May, 
1916. He died nine months later. 
By then, fourteen of the new 
ships had been completed, at 


Friedrichshafen, Lowenthal or at 
a new works in Berlin-Staaken. A 
second, new, construction hangar, 
Factory Shed II, had been com- 
pleted and was in use at Fried- 
richshafen. A total of seventeen 
L30 class ships were eventually 
completed, all but two going 
straight to the Navy, and even 
those two being transferred to the 
Navy when the Army airship ser- 
vice closed down later that year. 
The peak rate on any one pro- 
duction line was an airship every 
two months. 


L35 (LZ80) first flew in October 
1916 and survived the war. 


L50 (LZ89), in night camouflage, 
was lost in the Mediterranean. 
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The German Army’s LZ120 (c|n 
LZ90) went to Italy in 1920 as 
Ausonia. 


This view of L40 (LZ88) shows 
the gun position atop the forward 
hull. 


L33 (LZ76) was forced down at 
Little Wighorough, Essex, on 24 
September, 1916, and burned by 
her crew, Future British rigid air- 
ships were based on the L33 which 
was carefully studied. 
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Zeppelin Type r LZ62 (130 Class) 
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Zeppelin LZ62 (Type r) L30 
Super-Zeppelin 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

First of type built at Friedrich- 
shafen 

Number built: 17 

Chief designer: L Darr 

Main structural material: 
ralumin 

Design began: April 1915 

First flight of type: 28 May, 1916 

Powerplant: six 240hp Maybach 
H-S-Lu six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 55,200cu m; 55,000cu_ m 
(LZ62) 

Overall length: 198.0m 

Maximum diameter: 23.9m 

Spacing of main frames: 10.0m 

Fineness ratio: 8.24 

Number of gas cells: 19 

Number of main longitudinals: 13 

Number of intermediate longitudi- 
nals: 12 

Empty weight: 31,400kg 

Typical gross _ lift: 
(1.16kg/cu m) 

‘Typical disposable load: 32,400kg 

Maximum fuel: 6,250kg 


du- 


63,800kg 


Crew: 17 
Maximum speed: 28.7m]s (64.19 
mph) 
Maximum range: 7,400km at 


speed of 22.4m/s (50.1mph) 
Static ceiling: 3,900m 
Price: DM2,800,000 


Production 
Cin 

LZ62 30 
L272 L31 
LZ74— 32 
LZ75 37 
LZ76 33 
LZ78 34 
LZ79 LA1 
LZ80L35 
LZ82 36 
LZ83 LZ113 
LZ84 38 
LZ85—L45 
LZ86—L39 
LZ87_LA7 
LZ88  L40 
LZ89_ —L50 
LZ90 LZ120 


First 
flight 


28.5.16 
12.7.16 
4.8.16 

9.11.16 
30.8.16 
22.9.16 
15.1.17 


12.10.16 


1.1.16 
22.2.17 


22.11.16 


2.4.17 
11.12.16 
11.5.17 
3.1.17 
9.6.17 
31.1.17 


Last Flights Disposal 

Slight 

16.7.20 115 Broken up 1920 

2.10.16 19 Shot down at Potters Bar by 
RFC 

24.9.16 13 Shot down near Billericay by 
RFC 

August 45 To Japan as components 

1920 

24.9.16 10 Forced down at Little 
Wigborough by RFC 

28.11.16 11 Shot down off West Hartlepool 
by RFC 

23.6.19 54 Wrecked by airship crew. 
Components to Japan 11.7.19 

Sept- 98 Broken up 23.6.19 

ember 1918 

7.217 20 Lost in forced landing 

8.10.20 Surrendered in France. Broken 
up 

29.12.16 10 Wrecked in forced landing in 
Russia 

20.10.17 27 Forced landing in France 

17.317 24 Shot down in France by AA 

5.1.16 44 Burned in shed at Ahlhorn 

17.6.17 30 Wrecked in forced landing 

20.10.17 19 Lost in Mediterranean 

25.12.20 28+ To Italy, 25.12.20 as Ausonia, 


Dismantled June 1921 
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Height-climbers 
— L48 and L53 
classes and the 
Afrika-Zeppelins 








Long before the last L30 was de- 
livered, in June 1917, it was clear 
that, good as she was, the L30 
was no match for the Allied 
defences. The writing was on the 
wall so far as the future of the 
hip, as a bomber, was con- 
cerned. Four L30 class ships had 
been shot down over England, 
three of them in flames, in a little 
over two months during the latter 
part of 1916. A fifth suffered the 
same fate over France in March 
1917. These losses were addi- 
tional to those of earlier ships 
that were still operating. The big 
enemy was the aeroplane which 
was responsible for most of the 
losses. 

The only answer to this was 
height. Hence the intensive effort 
in the first half of 1917 to pro- 
duce Zeppelins with greatly 
increased operating _ ceilings. 
Strasser’s indomitable will gave 
this effort impetus; his refusal to 
admit that his beloved Zeppelins 
were being defeated was absolute. 








He realised that the only way to 
produce a more effective Zep- 
pelin bomber quickly was to de- 
velop improved versions of the 
L30 class and it was in its capac- 
ity for such improvement that 
this classic design showed itself 
remarkable. At a meeting be- 
tween representatives of the Navy 
and the manufacturers, on 17 
January, 1917, it was agreed that 
a programme to develop new ver- 
sions of the L30 class, which 
came to be known as Height- 
climbers, should be immediately 
pursued. 

Four prototype airships, L42, 
43, 44 and 46, were flown be- 
tween February and April 1917 


L43 (LZ92), first flown in March 
1917, was the second of the Type s 
Height-climbers. 

(Pritchard collection) 


to explore possibilities. All four 
had one fewer gas cell than the 
L30 class but, in spite of this, 
slightly increased total capacities 
of 55,500cu m (1,959,967cu ft), 
for the first two, and 55,800cu m 
(1,970,561cu ft) for the others. 
‘They were all fitted with five, in- 
stead of six, H-S-Lu engines, the 
engine driving the pusher propel- 
ler direct in the rear gondola 
being omitted from L42 and L43, 
and an entirely new two-engined 





LA4 (LZ93) was the Type t Height-climber prototype. 


(Pritchard collection) 











HEIGHT-CLIMBERS ~ L48 AND L53 CLASSES AND THE AFRIKA-ZEPPELINS 


L48 (LZ95), first production 
Type u LA8 class Height-climber. 
(Pritchard collection) 


rear gondola substituted in L44 
and L46. In these last two, the 
two engines were geared to one 
pusher propeller, and bracket 
propellers were not used. The 
ships were modified to different 
successive standards as various 
expedients and improvements 
were tested. The same applied to 
the production Height-climbers 
and also to a lesser extent to the 
L30 class itself. The L48 and 
L53 class production Height- 
climbers were initially built — and 
many were subsequently modi- 
fied — to a variety of standards 
during their careers. All Height- 
climbers, however, were painted 
matt black on their lower surfaces 
to reduce their visibility in the 
rays of searchlights. 


L53 (LZ100) first of the Type v 
L53 class — the second Height- 
climber class. 


L53 leaving its shed. 
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L63 (LZ110) and L42 (LZ91) 
wrecked by their crews at Nordholz 
in 1919 were respectively Type v 
and Type s Height-climbers — LA2 
being the first prototype. 


L57 (LZ102) Type w was the first 
Afrika-Zeppelin. 
(Pritchard collection) 


Eventually, two classes of 
Height-climbers were produced 
in numbers: five of the L48 class 
(the first of which flew on 22 
May 1917) and ten of the L53 
class (first flight 8 August, 1917). 
Like all the others, the L48 class 
differed from the basic L30 
mainly in changes to save weight. 
As in the prototypes, capacity 
was slightly increased to 55,800cu 
m (1,970,561cu ft) by omitting a 
frame at the bow and combining 
two of the gas cells. One engine 
was removed and the two engines 
left in the rear gondola were now 
geared to a single pusher propel- 
ler. The bracket propellers were 
not fitted. Smaller, streamlined 
engine wing-cars and a smaller, 
lighter control-car saved more 


weight. The various changes 
saved more than  5,000kg 
(11,0001b), compared with the 


original L30. This increased the 


ceiling to 5,500m (18,000ft). In 
spite of the fewer engines, speed 
increased slightly to 29.9m/s 
(66.88mph) and to  31.8m/s 
(71.13mph) for the last two ships 
in the class which were fitted 
with the new 245hp Maybach 
Mb IVa ‘altitude motors’. These 
were high-compression engines 
gated below 1,800m (5,900ft). 
The second class of Height- 
climber, the L53s, went a lot fur- 
ther in the search for height. To 
begin with, their structures were 
radically altered. Instead of the 
basic 10m main frame spacing 
with single intermediate frames 
which had been used for all Zep- 
pelins since ZXII, nine 15m (49ft 
21/2in) bays were substituted with 
two intermediate frames per bay. 
Five 10m bays were included at 
the ends of the ship. Although 
the new hull was somewhat shor- 
ter than that of L30, the altered 











structure accommodated fourteen 
larger gas cells in place of the 
L30’s nineteen. The cells them- 
selves were of lighter materi 
silk, with only two layers of gold- 
beaters’ skin. By these means, ca- 
pacity was increased to 56,000cu 
m (1,977,620cu ft) and further 
weight was saved. All but the 
first three of the L53 class had 
the new Maybach ‘altitude mo- 
tors’ and the first and third were 
re-engined. With these, the speed 
(31.8m/s; 71.13mph), was the 
same as the last two L48 class 
ships which had similar engines. 
The L53 class achieved a ceiling 
of 6,500m (21,325ft), a remark- 
able technical achievement, re- 
sulting from many — mostly small 

improvements to the basic L30 
design. L65, last of the L53 class, 
introduced a notable innovation 
which was to become stand- 
ardised on later Zeppelins. ‘This 
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L59 (LZ104) was the Afrika- 
Zeppelin which made the outstand- 
ing flight from Bulgaria to the 






Sudan and back in November 
1917. 

(Pritchard collection) 

was the so-called ‘streamlined’ 
fins. The tail surfaces which, up 


to now, had been extensively 
braced externally, became semi- 
cantilever structures (with only 
three bracing wires) about 1.8m 
(5ft 103/4in) thick at the root. 

Although the Height-climber 
Zeppelins’ greater operating 
height carried them above the 
ceiling of the obsolete aeroplanes 
used by the Allies up till then for 
air defence, it was still insuffi- 
cient against the latest fighters 
which were soon deployed against 
them, The rigid airship’s fate was 
led, as a strategic bomber, just 
s it already was for tactii 
tack, although Peter S 
would still not acknowledge the 
fact. 

For its other role of sea patrol, 
the L30 class Zeppelin and its 
developments and __ successors 
were barely more suitable than 
the earlier, smaller Zeppelins, 
despite their most desirable 
higher speeds. This was because 
their larger size made them more 
difficult to handle on the ground 
and, in particular, to move in and 
out of their sheds. In addition, to 








save weight for altitude perfor- 
mance, the Height-climbers were 
structurally weak and_ sacrificed 
much equipment, armament and 
crew comfort. 

The adverse effect of increased 
size, and therefore of greater dif- 
ficulty in leaving and entering 
sheds, on the utility of the airship 
for reconnaissance, is borne out 
by the percentage of days on 
which German naval airships 
were unable to undertake patrol 
flights over the North Sea during 
the war years: 


1914 23.6 per cent 
1915 34.0 per cent 
1916 24.3 per cent 
1917 26.3 per cent 
1918 17.5 per cent 


‘Thus, except for the fact that the 
1916 percentage is depressed by 
the emphasis on raiding during 
that year, there is a clear trend 
after truly usable hips were 
introduced in 1915, towards re- 
duced utility as the composition 
of the airship fleet changed from 
the 32-36,000cu m L10-20 class 
to the 55-56,000cu m L30 and 
Height-climber classes. The fact 
is that these low rates of utility 
meant that, contrary to wide- 
spread belief, the rigid airship 
was of strictly limited value for 
sea patrol work. Where there was 
enemy air opposition, it was 
rapidly becoming as ineffective in 
this role as it was as a bomber. 
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Between the wars Allied naval 
authorities were also misled by 
inadequate reports of Zeppelin 
involvement in the battles of 
Heligoland Bight (1914), Dogger 
Bank (1916) and Jutland (1916). 
Unfortunately, these facts were 
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Zeppelin Types LZ91 










































































not fully driven home before the 
end of the war. Had they been, a 
great deal of money and effort 
might have been saved, and loss 
of life avoided, during the follow- 
ing twenty years. 

Ships of the L30 class and its 
derivatives were used for a num- 
ber of purposes, in addition to 
sea patrol and bombing. L35 re- 
placed L25, an L20 class ship 
(LZ88), transferred from the 
Army, as the experimental airship 
used for various trials. She was 
employed, among other duties, 
for development flying of the ‘al- 
titude motors’ and to make tests 
(on 27 January, 1918) of the car- 
riage and launching, in flight, of 
an Albatross D III fighter. (See 
Note 17) Another experiment was 
the launching of a glider-bomb. 

One Height-climber class ship, 
L61, was handed over to Italy as 
a war reparation, on 30 August, 
1920. She was then named Jtalia. 
She did not do much flying and 
was broken up at Ciampino in 
January 1921. 

Special derivatives of the L53 


class were L57 and L59, the 
‘Afrika-Zeppelins’, With two 
more 15m bays added, these 


ships had the tremendous length 
of 226.5m (743ft 1!/4in) and a ca- 
pacity of no less than 68,500cu m 
(2,419,057cu ft), making them 
easily the largest airships in the 
world at that time. Propelled by 
five H-S-Lu motors, they were 
reckoned to have a speed of 
28.6m/s (63.97mph) and a range 
of 16,000km (9,942 miles) in still 
air. 

Range was the main objective. 
A repatriated German prisoner of 
war, a Doctor Zupitza, had sug- 
gested that badly needed sup- 
plies, arms and ammunition 
should be flown by Zeppelin to 
General von  Lettow-Vorbeck, 


Production 
Cin First Last 
flight flight 
LZ91 L42 © 22.2.17 23.6.19 65 
LZ92. 143 6.3.17 146.17 14 


Flights Disposal 


Wrecked by airship crews at 
Nordholz 23.6.19 

Shot down by anti-aircraft fire 
and RFC 





commander of the beleaguered 
German forces in East Africa. On 
30 October, 1917, after some 
delay, the Kaiser gave his appro- 
val for the flight to be attempted. 
By then, tests had been made 
with a specially modified Zep- 
pelin. L57 was converted during 
assembly as an L53 class ship in 
Factory Shed II at Friedrichs- 
hafen, and was first flown on 9 
September, 1917. However, she 
was accidentally destroyed by fire 
a couple of weeks later while 
being put into her shed. The size 
of these ships made them par- 
ticularly difficult to handle and 
this was aggravated by the fact 
that they were under-powered. 
Nevertheless, a replacement was 
chosen: L59 being built at 
Staaken. 

L59 was first flown on 19 Oc- 
tober and was ferried to Yambol* 
in Bulgaria, the southernmost 
base of the Central Powers, on 3 
November, 1917. Loaded with 
13,870kg (30,578lb) of special 
supplies and under the command 
of Ludwig Bockholt, she left 
Yambol on 21 November after 
two previous unsuccessful at- 
tempts. Shortly after her depar- 
ture, information from East 
Africa indicated to the German 
Government that it was, now too 
late for the Zeppelin to hope to 
be able to find Lettow-Vorbeck, 
who had moved with his small 
force into Mozambique. 

Attempts were made to recall 
L59 by radio but these failed 
until she had covered 3,200km 





(1,988 miles) and had reached a 
position some 200km (124 miles) 
west of Khartoumt. She then re- 
turned safely to Yambol, com- 
pleting a flight of 95 hours 
during which 6,700km (4,163 
miles) were covered. (It is inter- 
esting that her position near 
Khartoum was established by 
radio bearings from three stations 
in Asia Minor) L59 was then 
modified and used as a bomber in 
the Mediterranean theatre. She 
burned, in flight, on 7 April, 
1918, while flying over the Gulf 
of Otranto. 


* Yambol has normally been reported as Jambol 
or Jamboli, but the reason for this appears to 
have been the German use of J instead of Y. 


+ Reported as 16.30N 30.00E. 


Zeppelin LZ91 (Type s) L42 
Height-climber Prototype 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Both built at Friedrichshafen 

Number built: two 

Chief designer: L Durr 

Main © structural 
ralumin 

Design began: 17 January, 1917 

First flight of type: 22 February, 
1917 

Powerplant: five 240hp Maybach 
H-S-Lu six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 55,500cu m 

Overall length: 196.5m 

Maximum diameter: 23.9m 

Spacing of main frames: 10.0m 

Fineness ratio: 8.22 

Number of gas cells: 18 


material: du- 
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Zeppelin Type t LZ93 
Zeppelin Type u LZ95 = 
<—_ Sy Z 
Empty weight: 28,100kg Maximum range: 11,500km Fineness ratio: 8.22 
Typical gross lift: 64,500kg Static ceiling: 5,200m Number of gas cells: 18 
(1.16kg/cu m) LZ93 (L44) made 25 flights and Empty weight: 25,750kg 
‘Typical disposable load: 36,400 kg was shot down by anti-aircraft fire at Typical gross lift: 64,750kg 


Crew: 23 

Maximum speed: 27.7m/s (61.96 
mph) (28.7m/s/64.19mph 
quoted) 

Maximum range: 10,400km. 

Static ceiling: 5,000m 

LZ91 (L42) made 65 flights and 
was wrecked by airship crews at 
Nordholz 23.6.19. LZ92 (L43) first 
flew 6.3.17 and was shot down by 
AA and RFC 14.6.17 after 14 flights 


Zeppelin LZ93 (Type t) L44 
Height-climber Prototype 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

LZ93 built at Lowenthal, LZ94 
built at Friedrichshafen 

Number of type built: two 

Chief designer: L Durr 

Main material; 
ralumin 

Design began: 17 January, 1917 

First flight of type: 1 April, 1917 

Powerplant: five 240hp Maybach 
H-S-Lu six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 55,800cu m 

Overall length: 196.5m. 

Maximum diameter: 23.9m 

Spacing of main frames: 10,0m. 

Fineness ratio: 8.22 

Number of gas cells: 18 

Empty weight: 26,900kg 

Typical gross _ lift: 
(1.16kg/cu m) 

‘Typical disposable load: 37,850kg 

Crew: 23 

Maximum speed: 28.9m/s (64.64 
mph) 


sometimes 


structural du- 


64,750kg 


St Clement on 20.10.17 

LZ94 (L46) first flew on 24.4.17, 
made 36 flights and was destroyed in 
an explosion in her Ahlhorn shed on 
5.1.18 


Zeppelin LZ95 (Type u) L48 
First Height-climber class 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

First and third of type built at 
Friedrichshafen, LZ96 built at 
Lowenthal and last two at Staaken 

Number of type built: five 

Chief designer: L Durr 

Main structural material 
ralumin 

Design began: January 1917 

First flight of type: 22 May, 1917 

Powerplant: five 240hp Maybach 
H-S-Lu six-cylinder inline engines. 
LZ98 and LZ99 re-engined with 
245hp Maybach Mb IVas March— 
May 1918 

Gas capacity (100 per cent infla- 
tion): 55,800cu m 

Overall length: 196.5m. 

Maximum diameter: 23.9m. 

Spacing of main frames: 10.0m 


du- 


(1.16kg/cu m) 

‘Typical disposable load: 39,000kg 

Crew: 19 

Maximum speed: 29.9m/s (66.88 
mph); 31.8m/s (71.13mph) LZ98 and 
LZ99 after being re-engined 

Static ceiling: 5,500m 


Zeppelin LZ100 (Type v) L53 
Second Height-climber class 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

First of type and three others built 
at Friedrichshafen. ‘Three built at 
Léwenthal and three at Staaken 

Number of type built: ten 

Chief designer; L Durr 

Main structural material: 
ralumin 

Design began: January 1917 

First flight of type: 8 August, 
1917 

Powerplant: five 240hp Maybach 
H-S-Lu six-cylinder inline engines 
(LZ100-103). The others had 245hp 
Maybach Mb IVas and LZ100 and 
LZ103 were re-engined April-July 
1918 

Gas capacity (100 per cent infla- 
tion): 56,000cu m 


du- 





Production (L48 class) 


Cin First Last Flights Disposal 

flight flight 
LZ95 L48 - 2.5.17 17.6.17 Shot down by RFC 
LZ96 149 13.6.17 20.10.17 15 Forced down by AA fire 
L297 LS51 6.7.17 5.1.18 21. Burned in shed, Ahlhorn 
LZ98 52 4.7.17 23.6.19 40+ Broken up by airship’s crew at 

Wittmund 23.6.19 

LZ99 54 138.17 19.718 43+ — Bombed at Tondern by RAF 
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Zeppelin Type v LZ100 





















































Zeppelin Type w LZ102 






























































Overall length: 196,5m 
Maximum diameter: 23.9m. 
Spacing of main frames: 15.0m 
Fineness ratio: 8.22 

Number of gas cells: 14 
Empty weight: 25,000kg 


‘Typical disposable load: 40,000kg, 
Crew: 19 
Maximum speed: 29.9m/s (66.88 
mph) increasing to 31.8m/s (71.13 
mph) for LZ110 and LZ111 
Maximum range: 13,500km 








Typical gross lift: 65,000kg Static ceiling: 6,500m 

(1.16kg/cu m) 

Production (L583 class) 

Cin First Last Flights Disposal 

flight flight 

LZ100 L53 8.8.17 11.8.18 53? Shot down off 'Terschelling by 
RAF 

LZ101 LS55 = 1.9.17 20.10.17 6+ Forced landing and dismantled 

LZ103 LS6  24.9.17 23.6.19 35+ Broken up by airship crews at 
Wittmund 23.6.19 

LZ105 LS8 = 29.10.17 5.1.18 10+ — Burned in shed at Ahlhorn 

LZ106 L61 12.12.17 28.8.20 32 To Italy 30.8.20 as Italia, 
broken up at Ciampino January 
1921 

LZ107 L62  19.1.18 10.5.18 19 Lost in explosion off 
Heligoland 

LZ108 L60 18.12.17 19.7.18 17+ Bombed in shed at Tondern by 
RAF 19.7.18 

LZ109 L64 = 11.3.18 = 21.7.20 26? Surrendered to United Kingdom 
21.7.20; broken up, 21.6.21 

LZ110 L63 4.3.18 23.6.19 37? Broken up by airship crews at 
Nordholz 23.6.19 

LZ111 L65 17.418 9.11.18 28 Broken up 

Production (Afrika-Zeppelins) 

Cin First Last Flights Disposal 

flight flight 

LZ102 L57 9.9.17 71017 0 4 Burned on ground at Jiterbog 
8.10.17 

LZ104 L59 19.10.17 7.4.18 23 Burned over Gulf of Otranto 





Zeppelin LZ102 (Type w) L57 
Afrika-Zeppelin 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

First of type built at Friedrich- 
shafen. LZ104 built at Staaken 

Number built: two 

Chief designer: L Durr 

Main _ structural 
ralumin 

Design began: August 1917 

First flight of type: 29 September, 
1917 

Powerplant: five 240hp Maybach 
H-S-Lu six-cylinder inline engines 

Gas capacity (100 per cent infla- 
tion): 68,500cu m 

Overall length: 226.5m 

Maximum diameter: 23.9m 

Spacing of main frames: 15.0m 

Fineness ratio: 9.52 

Number of gas cells: 16 

Number of main longitudinals: 13 

Number of intermediate longitudi- 
nals: 12 

Empty weight: 27,400kg 

Typical gross __ lift: 
(1.16kg/cu m) 

‘Typical disposable load: 52,100kg 

Maximum fuel: 21,700kg 


material: du- 


79,500kg 


Crew: 22 

Maximum speed: 28.6m/s (63.97 
mph) 

Maximum range: 16,000km at 


speed of 22.4m/s (50.1mph) 
Static ceiling: 6,600m 
Price: DM3,264,000 
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Last Military 
Zeppelins — 
L70 class 








Before recording the final war- 
time developments of the Zep- 
pelin, the history of the last 
Schiitte-Lanz rigid airships must 
be told. Schitte-Lanz, like Zep- 
pelin, responded to the Navy’s 
request in March 1915 for a two 
million cubic feet airship. A con- 
tract for the first ship, S.L.20, 
was signed in July, 

S.L.20 had five Maybach H- 
S-Lu engines (although six were 
originally intended) and a capac- 
ity of 56,000cu m (1,977,620cu 
ft). She did not, however, fly 
until 10 September, 1917, fifteen 
months later than Zeppelin flew 
L30. Thus, while Schutte-Lanz 
had been quicker than Zeppelin 
in developing the first million 
cubic feet ship, they were hope- 
lessly beaten in the later competi- 
tion. The triangular wooden 
girders used in previous ships 
gave trouble in this size of vessel. 
As a result, a change to rectangu- 
lar girders was made for the other 


0 earnest o8cn 





two ships in the Class: S.L.XXI 
for the Army and S.L.22 for the 
Navy, neither of which was de- 
livered. The latter first flew on 5 
June, 1918, the last Schiitte-Lanz 
airship to fly. Apparently, how- 
ever, S.L.22 was not the last 
Schitte-Lanz airship to be built. 
During 1918, Schutte-Lanz 
was at last persuaded that wood 
was inferior to duralumin as a 
structural material. It therefore 
designed a new type of structure, 
the main elements of which were 
built of duralumin tubes. The 





L70 (LZ112), first of the Type x 
L70 class. 


first design in the new material 
seems to have been S.L.23, which 
was not built. However, S.L.24, a 
stretched version with a capacity 
of 77,970cu m (2,753,348cu_ ft) 
was under construction in 1918. 
She would have been 25 per cent 


L7I (LZII3A) arriving at Pul- 
ham in July 1920. 
(Pritchard collection) 
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One of the engine cars of L70. The 
engine is a Maybach Mb IVa. 


larger than the largest Zeppelin 
completed during the 

The last Zeppelins of the war 
were the L70 class which were 
really production versions of the 
two ‘Afrika-Zeppelins’ (See page 
100) and were therefore the ulti- 
mate German development of the 
famous L30, as modified in the 
L53 class. The first two L70s 
(flown on 1 July and 29 July, 
1918) were originally designed 
and built with one 15m bay less 
than the ‘Afrika-Zeppelins’, giv- 
ing them a capacity of 62,200cu 
m (2,196,574cu ft), but they had 
no less than seven 245hp May- 
bach Mb IVa ‘altitude motors’, 
giving a speed of 36.4m/s 
(81.42mph). After L70 was lost, 
the second ship, L71, was leng- 
thened by an extra bay and the 
third ship was completed with 
the additional bay incorporated so 
that they then both had essen- 
tially the same hulls as L57 and 
L59. With seven engines, the 
ships had clearly been over-en- 
gined causing vibration and flex- 
ural troubles in the hull. Fatigue 
of the structure was feared. The 
deficiencies were partly overcome 
by removing one engine and by 


war, 

















Korvettenkapitén Peter Strasser, 
commander of the German Naval 


Airship Division. Strasser was 
killed when the L70 was shot down 
off the English coast by Maj Eg- 
bert Cadbury and Capt Robert 
Leckie in a D.H.4 operating from 
Yarmouth. 





the introduction of ‘stirrup wires’ 
which, through sleeves in the gas 
cells, braced the top of each main 
frame to the mid-point of the in- 
ternal keel between each frame. 
Even in this form, a good deal of 
flexibility in the hull was still ap- 
parent in flight in turbulent air, 
as the British and French noticed 
when they each took delivery of 
one of these ships as reparations 
after the war. The front engine 
on L71 had reversing gear so that 
reverse thrust was available for 
manoeuvring. 

The British, wisely, did not fly 
L71 but the French made a num- 
ber of flights over the Mediter- 
ranean and North Africa with 
L72, which they renamed Dix- 
mude. On 21 December, 1923, 
she apparently suffered structural 
failure and fell, burning, into the 
Mediterranean off Sciacca in Sic- 
ily, with the loss of her entire 
crew of fifty. This was perhaps 
not surprising, these ships having 
been deliberately lightened and, 
therefore, weakened to the limit 
in the search for ultimate per- 
formance. They may have been 
just strong enough for a short, 
operational life in wartime, flown 
mainly at ‘high altitudes; they 
were certainly too weak, as civil 
ships, in the denser air at low le- 
vels, particularly in turbulent air 
over North African deserts. Lost 
with Dixmude was her command- 
ing officer, Lieutenant de Vais- 
seau Jean J A J du Plessis de 
Grenédan (1892-1923), France’s 
greatest protagonist of the rigid 
airship. 

L70 herself, tragically but fit- 
tingly, provided the funeral pyre 
of the German naval airship ser- 
vice and of their exceptional and 
gallant leader, Peter Strasser. No- 
body had done more than he to 
try to make the rigid airship into 
an effective weapon of war. 
Determined to the last that his 
airships would win their battle, 
even though the war itself was all 
but lost, he led his airships once 
more against Britain. He was shot 
down in L70 on 5 August, 1918, 
by a D.H.4 of the RAF, and fell 
into the North Sea off Norfolk. 
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L72 (LZ114) went to France as Dixmude. 


(Pritchard collection) 





Production (L70 class) 
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Zeppelin LZ112 (Type x) L70 
(L70 class) 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 





Cin First. Last Flights Disposal First two built at Friedrichshafen, 
flight flight LZ114 built at Lowenthal 
LZ112 70 1.7.18 5.8.18 7? Shot down by RAF Number of type built: three 
LZ113 L71 29.7.18 3.10.18 7 or8 Converted to LZ113A Chief designer: L Darr 
LZ113A L71 28.10.18 1.7.20 2 Flew to Pulham July 1920, then Main structural material: 
broken up 1923 duralumin 
LZ114 72 9.7.20 21.12.23 10 ‘To France as Dixmude 9.10.20; Design began: April 1918 
burned in flight 21.12.23 First flight of type: 1 July, 1918 
Zeppelin Type x LZ112 
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Lieut de Vaisseau Jean du Plessis 
de Grenedan was commander of the 
Dixmude, formerly L72 (LZ114). 
He was killed when the Dixmude 
burned in flight on 21 December, 
192. 

(Pritchard collection) 


Powerplant: seven (later six) 
24Shp Maybach Mb IVa six-cylinder 
inline engines 

Gas capacity (100 per cent infla- 
tion): 62,200cu m (62,600cu m some- 
times quoted); 68,500cu m (LZ113A 
and LZ114) 

Overall length: 211.1m (LZ112/ 
113); 226.5m (LZ113A/114) 

Maximum diameter: 23.9m 

Spacing of main frames: 15.0m 












Finer ratio: 8.83 

Number of ga: 15 (LZ112 
and LZ113); 16 (LZ113A and 
LZ114) 


Number of main longitudinals: 13 

Number of intermediate longitudi- 
nals: 12 

Empty weight: 24,700kg 

Typical gross lift: 72,200kg 
(LZ112 and LZ113); —79,460kg 
(LZ113A and LZ114) (1.16kg/cu m) 

Typical disposable load: 47,500kg 
(LZ112 and -LZ113);-54,760kg 
(LZ113A and LZ114) 

Maximum fuel: 12,000kg 

Crew: 30 

Maximum speed: 36.4m/s (81.42 
mph) 

Maximum range: 12,000km at speed 
of 30.5m/s (68.22mph) 

Static ceiling: 6,200m 








British Rigids 
During and After 
the War — 23, 23X 
and 31 classes 








The experience gained by Vickers 
in the development of No.9 made 
this firm the obvious choice as 
main contractor for the next type 
of British rigid. When, in June 
1915, interest in rigid airships 
again revived at the Admiralty, it 
was proposed that four additional 
ships should be ordered. On 28 
August Vickers was asked to 
undertake the design of a devel- 
opment of No.9 to be known as 
the 23 class. The first ship, 
No.23, was to be built by Vickers 
in its existing Walney shed (See 
Note 18) and this, therefore, dic- 
tated the maximum dimensions 
of the airship. One of the other 
three ships (R26) was also to be 
built by Vickers (there was room 
for two ships, side by side, in the 
Walney shed) and the other two, 
Nos.24 and 25, were to be built 
by Beardmore in a new shed at 
Inchinnan, on the Clyde, and by 
Armstrong Whitworth in a new 
shed at Barlow, near Selby in 
Yorkshire. 

The 23 class ships were or- 
dered on 16 October, 1915, and 
work on No.23 started in Feb- 
ruary 1916. Basically, the 23 class 
was an enlarged No.9 ‘with four 
250hp Rolls-Royce Eagle I en- 
gines and a more Zeppelin-like 
shape. That is to say, like No.9, 
it was 53ft (16.2m) in diameter 
and had its main frames spaced 
30ft (9.1m) apart. Also, like No.9, 
it had 17 longitudinals and the 
large external V keel, now at- 
tached only at the main frames. 
It had one more gas cell (making 
eighteen) and the capacity was 
greater at 997,640cu ft (28,250cu 
m). The biggest change was a 
retrograde step: the hull was 
made blunter at the stern so as to 








increase its capacity within a 
given length. ‘The bow radius 
(twice the diameter) was the same 
as No.1 and slightly greater than 
No.9 but the stern radius was 
much reduced, being only three 
times the diameter. The effect of 
this, combined with the three, 
rather lumpy gondolas and the 
prominent external V keel was to 
make these ships look even clum- 
sier and more out-of- date than 
they really were. Not that they 
were anything but hopelessly out- 
classed by contemporary German 
developments by the time No.23 
flew, for the first time, on 19 
September, 1917. The next two 
ships in the class were completed 
in October and the last in March 
1918. 

The 23 class ships together 
flew over 900 hours and_ they 
must have accumulated more 
than half the total flying done by 
British rigid airships during the 
war. Their utility was seriously 
limited by their low speed, which 
was about the same as that of the 
L3 class which the Germans had 
at the start of the war. They were 
also deficient in disposable load 
and various modifications were 
introduced in not very suc 
attempts to improve this. 
four ships built were used mainly 
for experimental purposes, par- 
ticularly for mooring-mast ex- 
periments, although No.23 did 
make a test launching of a Sop- 
with Camel fighter over Great 
Yarmouth on 6 November, 1918, 
repeating an experiment made by 
the Germans nine months earlier, 
(See Note 17) The first hook-on 
of an aeroplane to an airship was 
not made until 1924, as will be 
recorded later. All four ships 
were scrapped in the latter part 
of 1919. 

‘The next rigids in the British 
programme, R27 to 30, were 
originally ordered as 23 class 
ships. However, information from 
the wreckage of two L10 class 
Zeppelins, LZ77 and LZ85, shot 
down in 1916 at Révigny, in 
France, and at Salonika, in 
Greece, suggested that changes 
should be made to the later Brit- 
ish ships to incorporate more re- 
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This view of Vickers No.23 shows 
to advantage the V-shaped keel, 
engine cars and tail surfaces. 
(Flight) 









View looking aft showing the gun- 
ner’s position atop a 23 class ship. 
(Pritchard collection) 





No.23, which first flew in Septem- 
ber 1917, was the first successful 
British rigid airship. 4 
(Vickers) 
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cent Zeppelin developments. In 
particular, evidence of the sup- 
pression of the external V keel, 
which had been such a prominent 
feature of earlier Zeppelins, led to 
the idea that the 23 class should 
also be modified in the same way. 

The design of the improved 23 
class, known as the 23X class, 
was undertaken by an Admiralty 
team under Constructor-Cdr C I 
R Campbell, which from 26 Oc- 
tober, 1915, was made officially 


Beardmore-built Sopwith 2F.1 
Camel N6814 suspended beneath 
Vickers No.23, with the forward 
engine car on the right. 

(Imperial War Museum) 


The unpiloted 2F.1 Camel N6814 
suspended beneath Vickers No.23 
on 2 or 3 October, 1918, and seen 
Srom the airship’s forward car. 
(Courtesy Philip Jarrett) 
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The Beardmore-built No.24 (23 
class) seen from the roof of the 
shed at Inchinnan on Clydeside 
and near the present Glasgow Air- 
port. 

(Pritchard collection) 





Beardmore No. 24. 


Armstrong Whitworth built No.25 
first flew in October 1917. 
(Flight) 
tao 3 Bee ne tl lalla neth 48m NN bal Aen leanne 
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Vickers-built R26. 
(Pritchard collection) 


This view of R26 shows how the keel was faired into the lower 
tail surfaces. 
(Flight) 





responsible for the design of all 
British rigid airships. The design 
of the 23X class was approved in 
June 1916, 

Two 23X class ships were 
eventually completed: R27 by 
Beardmore and R29 by Arm- 
strong Whitworth. Two other 
ships, R28, partly built by Beard- 
more and partly by Vickers, and 
R30, under construction by Arm- 
strong Whitworth, were cancelled 
before completion. 

The 23X class was surprisingly 
similar to the 23 class, consider- 
ing the radical changes involved 
in replacing the external keel with 
an internal non-structural corri- 
dor, In the new design, all con- 
centrated weights were attached 
directly to the main frames. The 
structure of the hull was streng- 
thened to compensate for the loss 
of the keel by use of a stronger 
triangular girder, used with the 
apex outward, 

The internal corridor caused 
some loss of gas volume because 
the bottoms of the cells had to be 
cut back to allow space for it. 
The loss was largely compensated 








LLL 


BRITISH RIGIDS DURING AND AFTER THE WAR - 23, 23X AND 31 CLASSES 115 





Beardmore-built R27 (23X class) 
airborne at Inchinnan, with the 
shed on the right and camouflaged 
windbreak. 

(Pritchard collection) 


by a bluffer bow (with a radius 
11/2 times the diameter, the same 
as the pre-war Zeppelins). Apart 
from this, the diameter of the 
hull and the number of gas cells 
were the same, while the length 
(539ft; 164.38m) was only slightly 
greater than 23 class. Gas capac- 
ity was rather less at 990,577cu ft 
(28,050cu_ m). As in 23 class 
ships, power was provided by 
four 300hp Rolls-Royce Eagle en- 
gines in three gondolas which 
were, however, now mounted 
closer to the hull. The gondolas 
at front and rear had single en- 
gines driving twin swivelling pro- 
pellers. The third car — in the 
centre — had two engines, each 
driving a swiveling propeller. 
The changes made in the 23X 
ships partly achieved their objec- 
tives: disposable load was in- 
creased and drag was reduced so 
that the top speed rose slightly 
from 54.58mph_ (24.4m/s) to 
55mph (24.6m/s). 

Although the 23X class ships 
were reported to be rather flex- 
ible, they were significantly more 
practical than their predecessors 
and were claimed to be fully 
equal in performance and beha- 
viour to pre-war Zeppelins. R27 
and R29 were even used for some 
operational flying. R29 took part 
in a successful attack on the Ger- 
man U-boat UB 115 on 29 Sep- 
tember, 1918. She flew over 400 
hours before being broken up on 


The forward engine car of R27. 


Part of the control car of R28 
which was never completed. 


24 October, 1919. R27 was ac- 
cidently destroyed with three 
blimps in a hangar fire at How- 
den on 16 August, 1918. 

The last British rigid com- 
pleted before the end of the war 
was the first of two wooden air- 
ships of the 31 class which were 
built by Short Brothers at a new 








construction facility at Carding- 
ton, near Bedford. 

Early in 1916, details of some 
of the latest Schutte-Lanz designs 
of wooden rigid airships reached 
Britain. It appears that these 
were basically of the S.L.6 class, 
the first of which had flown in 
September 1915. However, there 
may also have been some infor- 
mation on the S.L.8 class, which 
had flown for the first time in 
March 1916. 
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R29 being walked from the shed. 
(Flight) 


23X class R29 was built by Arm- 
strong Whitworth. 


R32, built by Short Brothers, was 
not completed until September 
1919. 

(Pritchard collection) 
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R29 under construction with three 
of the eighteen gas cells installed. 
This photograph is dated January 
1918 and the R29 made its first 
flight on 20 June that year. 


R31, first of the two 31 class, was 
built at Cardington by Short Bro- 
thers. 


(Pritchard collection) 


How this information came to 
Britain has never been completely 
explained. It may well have re- 
sulted from espionage activity, of 
which there was a great deal dur- 
ing the First World War directed 
at obtaining information about 
German airship developments. 
Certainly a former Swiss em- 
ployee of the Schitte-Lanz com- 


pany, known as Hermann Miller, 
brought drawings and other data 
to England and helped with the 
design and construction of the 31 
class. (See Note 19) 

Regardless of how the inform- 
ation was obtained, the design of 
the 31 cl ships seems to have 
been basically that of a stretched 
S.L.6, re-drawn in Imperial units 
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and with six instead of four en- 
gines. Compared with the S.L.6 
class, the British ships were 
longer by two 12m (39ft 4!/3in) 
bays, giving a total of twenty gas 
cells. ‘The diameter was un- 
changed at 19.75m (64ft 9!/2in) 
but the greater length gave a ca- 
pacity of 1,552,964cu ft (43,975cu 
m) 





‘These ships were potentially 
the most effective rigids produced 
by the Allies during the First 
World War. They were quite 
fast, having a top speed of 
71.13mph (31.8m/s). However, 
only one, R31, was completed 
and flown before the Armistice, 
in August 1918. Apparently, 
Scotch glue had been used in 
part of her construction because 
casein cement was not available 
in Britain when manufacture of 
R31 started. (The glue’s formula 











Air Commodore E M Maitland, 
CMG, DSO, AFC. 
(Pritchard collection) 


R32 over Amsterdam. 
(Pritchard collection) 





is believed to have only arrived 
with Muller.) Scotch glue gave 
trouble when the ship was 
allowed to get wet. Combined 
with the insufficiently strong tail 
surfaces this led to R31 being 
scrapped after only two flights. 
Her sister-ship, R32, was com- 
pleted after the war. She had 
modifications suggested by the 
tests with R31, including removal 
of one engine and a reduction in 


the area of the fins. In this form, 
she was quite successful and flew 
a total of 212hr 45min before 
being scrapped in 1921. 

Other British rigids were being 
developed during the First World 
War, notably the 33 class mod- 
elled on the famous German L30 
class. These ships, and later de- 
velopments of them, were flown 
for the first time after the war 
and are discussed later. 


Vickers No.23 (23 class) 

Manufacturer: Vickers Ltd 

First of type built at Walney Is- 
land, Barrow-in-Furness 

Number built: four 

Chief designer: H B Pratt 

Main structural material: 
ralumin 

Design began: August 1915 

First flight of type: 19 September, 
1917 

Powerplant: four 250hp  Rolls- 
Royce Eagle I twelve-cylinder vei 
engines. Later modified with three 
and with two engines 

Gas capacity (100 per cent infla- 
tion): 997,640cu ft (28,250cu m) 

Overall length: 535ft (163.1m) 

Maximum diameter: 53ft (16.2m) 

Spacing of main frames: 30ft 
(9.1m) 

Fineness ratio: 10.07 

Number of gas cells: 18 

Number of main longitudinals: 17 


du- 















Production (23 class) 


Cin First Last 
flight flight 
No.23 No.23 19.917 November, 
1918 
No.24 No.24 27.10.17 December, 
1919 
No.25 No.25 14.10.17 November, 
1918 
R26 R26 203.18 19.2.19 


Hours Disposal 

flown 

321hr Broken up, Pulham 
30min September, 1919 
192hr Broken up, Pulham 
53min 1 December, 1919 
225hr Broken up, Cranwell 
Smin September, 1919 
238hr Broken up, 10.3.19 
27min 





Vickers No.23 (23 class) 
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Beardmore R27 (Admiralty 23X class) 















































Empty weight: 59,5251b (27,000kg) 
‘Typical gross lift: 67,880Ib (30,790 
kg) (1.09kg/cu m) 
pical disposable load: 3,790kg 
+16 
Maximum speed: $2mph (23.2m/s) 
Maximum range: 1,895 miles (3,050 
km) 


Beardmore R27 (23X class) 

Manufacturer: William Beardmore 
& Co Ltd 

First of type built at Inchinnan 
near Glasgow; R29 built by Arm- 
strong Whitworth at Barlow near 
Selby 

Number built: two 

Chief designer: C I R Campbell 

Main — structural du- 
ralumin 

Design began: June 1916 

First flight of type: 29 June, 1918 

Powerplant: four 300hp  Rolls- 
Royce Eagle III or VI twelve-cylin- 
der vee engines 

Gas capacity (100 per cent infla- 
tion): 990,577cu ft (28,050cu m) 

Overall length: 539ft (164.28m) 

Maximum diameter: 53ft (16.2m) 

Spacing of main 30ft 
(9.1m) 

Fineness ratio: 10.14 

Number of gas cells: 18 

Number of main longitudinals: 17 

Empty weight: 55,1151b (25,000kg) 

‘Typical gross lift: 67,406lb (30,575 
kg) (1.09kg/cu m) 

‘Typical disposable load: 5,575kg 

Crew: 16 

Maximum speed: 55mph (24.6m/s) 








material: 





frames: 


Production (23X class) 
Cin First Last Hours Disposal 
flight Slight flown 
R27 R27_—.29.6.18 6.8.18? 89hr Burned in shed at Howden 
40min 16.8.18 
R28 R28__Not completed; cancelled August 1917 


R29 R29 20.6.18 


June, 1919 437hr Broken up, 24.10.19 at 


58min East Fortune 


R30 R30 


Not completed; cancelled, early 1917 





Maximum range: 1,056 miles (1,700 
km) 


Short R31 (31 class) 

Manufacturer: — Short 
(Rochester & Bedford) Ltd 

Built at Cardington near Bedford 

Number of type built: two 

Chief designers: C I R Campbell 
and C P'T Lipscombe 

Main structural material: wood 

Design began: May 1916 

First flight of type: 1 August, 1918 

Powerplant: six 300hp__ Rolls- 
Royce Eagle II or IV twelve-cylin- 
der yee engines (R31); five 300hp 
Rolls-Royce Eagle III or IV twelve- 
cylinder vee engines (R32) 

Gas capacity (100 per cent infla- 
tion): 1,553,000cu ft (43,975cu m) 


Brothers 








Overall length: 614ft 6in (187.3m) 
Maximum diameter: 66ft (20.1m) 
Spacing of main frames: 39ft 

41/3in (12.0m) 

Fineness ratio: 9.32 

Number of gas cells: 20 

Number of main longitudinals: 20 

Empty weight: 68,784Ib (31,200kg) 

‘Typical gross lift: 105,680Ib (47,936 

kg) (1.09kg/cu m) 

‘Typical disposable load: 16,730kg 
Crew: 21 
Maximum speed: 71.3mph (31.8 

m/s) 

Maximum range: 2,000 miles (3,200 
km) 





Production (31 class) 


Cin First’ Last Hours Disposal 
flight — flight flown 
R31 R31 .8.18 6.11.18 Shr Broken up, Howden July 1919 
55min 
R32 R32_—3.9.19 October 212hr Broken up, Howden 27 April, 
1920 45min 1921 





Short R31 (Admiralty 31 class) 
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The Armstrong Whitworth built 
R33. 
(H B Wyn Evans) 


R33 leaving its camouflaged shed 
at Barlow near Selby on 6 March, 
1919, before its first flight. 

(H B Wyn Evans) 











Across 
the Atlantic — 
R383 and R34 











On 24 September, 1916, the 
burnt but otherwise complete 
structure of the L30 class Zep- 
pelin L33 fell into Allied hands 
when she was forced down at 
Little Wigborough in England. 
Just over a year later, on 20 Oc- 
tober 1917, L49, an L48 ‘Height- 
climber’ class ship, was forced 
down in France. These two 


Me nn) oe ae 








R33 nearing completion. This fine 
view of the stern and tail surfaces 
was taken in January 1919. The 
tail gun position with Scarff 
mounting can be seen on the ex- 
treme left. 

(H B Wyn Evans) 


The navigation car of R33. The 
badge on the bow has the title HM 
R33, surmounted by a crown, 

(HB Wyn Evans) 


events had a profound effect on 
rigid airship development in both 
Britain and the United States. 

Largely at the instigation of 
Cdr R B B Colmore at the Ad- 
miralty, a team from the Ord- 
nance Survey in co-operation 
with Constructor-Cdr C I R 
Campbell and draughtsmen from 
the Admiralty Air Department 
were put on to the job of prepar- 
ing detailed drawings of L33 as 
the wreckage was dismantled. 
The French made similar com- 
plete and careful drawings of 
L49. 

The L33 data clearly offered 
an opportunity to catch up with 
German airship development and 
in November 1916 the Cabinet 
authorised the construction of 
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The control car of R33 seen in 
March 1919. 
(H B Wyn Evans) 


R33 with damaged bows after 
breaking away from the high mast 
at Pulham in April 1926. 


three ships, R33, R34 and R35, 
to be built eplicas of the Ger- 
man design. R33 and R35 were 
ordered from Armstrong Whit- 
worth, but R33 was not laid 
down at Barlow near Selby until 
June 1918. R34 was built by 
Beardmore who started work on 
her at Inchinnan on the Clyde in 








December 1917. More than a 
year passed between the decision 
to proceed and the start of actual 
construction. This period was 
spent adapting the design to Brit- 
ish units and materials as well as 
incorporating certain additional 
information obtained by the 
French from the L49. R35 was 
going to be modified and would 
have differed in a number of fea- 
tures from R33 and R34 but she 
was cancelled following the Ar- 
mistice on 11 November, 1918. 
Construction of R33 and R34 
continued, however, and_ these 
ships were both flown by a test 
crew under Lt-Col W C Hicks 
(1890-1939) on 6 and 14 March 
1919 respectively. 

The 33 class ships, as they 
were known, followed the design 
of the L30 class very closely. 
Their diameter (78ft 9in/24m) is 
usually reported as ___ slightly 
greater than the L30s, as was 
their capacity, but their length 
was slightly le: This occurred 
either because there were errors 
in the measurement of L33 or be- 
cause of the need to adapt the 
drawings to British Standards. 
From every other point of view, 
the 33s and L30s were structu- 
rally identical. The engine ar- 
rangements, on the other hand, 
were influenced by the L49 data 
and the five 250hp Sunbeam 
Maoris were arranged in a man- 
ner similar to the engines in the 
L48 class. They gave the British 
ships a speed of 60mph 






































ACROSS THE ATLANTIC — R33 AND R34 123 


(26.8m/s), seven miles an hour 
less than their German prototype. 
Although they were too late 
for the war, R33 and R34 were 
the two most successful British 
rigids, if the amount of flying 
they did is taken as the yardstick. 
R33 was, in addition, the longest- 
lived British rigid and remained 
in intermittent use, depending on 
variations in British policy to- 
wards airships, until she was fi- 
nally broken up in April 1928. 
She is believed to have been 
broken up then as a result of con- 
cern about fatigue in parts of the 
structure. Perhaps the most not- 
able adventure of her career oc- 
curred while she was moored to 
the high mast at Pulham in a 
gale. On the morning of 16 April, 
1926, she broke away with only a 
skeleton crew under Flight Lieut 
R S Booth on board and, with a 
smashed nose, was carried by the 
wind out over the North Sea be- 
fore she could be gradually 
brought back to base under her 
own power. She was later re- 
paired and returned to service. 






The forward Sunbeam Maori, in 
the rear section of the navigation 
car of R33. This view is looking 
aft. 

(H B Wyn Evans) 


R33 moored to the high mast at 
Pulham. 
(Flight) 
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R34 flying the White Ensign from the stern. 
(Courtesy British Airways) 
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R34 had a shorter career be- 
cause she accidentally flew into a 
hillside in Yorkshire on 28 
January, 1921. She was lucky 
and did not catch fire, and was 
later flown back to her base at 
Howden in Yorkshire. However, 
she suffered further damage there 
and, not being considered worth 
repairing, was broken up. Before 
that, in July 1919, she had made 
her epic transatlantic return flight 
to the United States, winning for 
herself a place in history: the first 
aircraft to fly westward across the 
Atlantic and the first to make a 
return flight. The ship was com- 
manded on this crossing by Maj 
G H Scott (1888-1930) and had 
Air Commodore E M Maitland 
(1880-1921), senior officer of the 
British Airship Service, on board. 
The outward flight was made in 





The rear engine car of R34. 


R34, the first airship to cross the 
North Atlantic. The  non-rigid 
N.S.7 appears top right. 

(Courtesy British Airways) 


108hr 12min (a world endurance 
record which nearly caused the 
ship to run out of fuel before she 
reached New York) and the re- 
turn in 75hr 3min. 

Although certain desirable fea- 
tures of the later L48 class Zep- 
pelins were incorporated in the 
33 class ships they were fortu- 
nately too far along in design 
when the L48 data became avail- 
able for them to be made into 
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Armstrong Whitworth R33 (Admiralty 33 class) 



























































Production 
Cin First’ Last Hours Disposal 
flight flight flown 
R33 R33 6.3.19 23.11.26 735hr Broken up, April 1928 
(G-FAAG) Imin 
R34 R34 14.3.19  28.1.21 495hr Broken up, after being 
28min damaged, January 1921. 
R35 R35 Not completed; cancelled early 1919 
complete replicas of the later handling than the later ‘Height- 


design. This was a good thing be- 
cause the basic L30 class was un- 
doubtedly a better and stronger 
all-round airship, more durable 
for long life in peace-time and 
better able to stand up to rough 


Major G H Scott AFC, Captain of 
R34, 


SR 


climbers’ which were lightened 
and weakened in efforts to gain 
the greatest possible operating 
height as a defence against aero- 
plane attack. 

Thus, although R33 and R34 
gave good service, later ships 
built by the Allies in more direct 
imitation of L49 (the British R36 
and the United States ZR-1 Shen- 





After the arrival of R34 at Mineola, Long Island, in July 1919. Left to right: Lieut-Cmdr Z Lansdowne, US 
Navy; 2nd Lieut R F Durrant (Wireless Officer) in borrowed tunic; Lieut Guy Harris (Meteorological Of- 
ficer); Maj ¥ E M Pritchard OBE (Special Duties); Brig-Gen E M Maitland CMG, DSO (Special Duties) ; 
2nd Lieut H F Luck (Third Officer); and 2nd Lieut ¥ D Shotter (Engineer Officer). The very badly re- 
touched R34 in the background. 

(Popperfoto) 














andoah), had the germs of disas- 
ter in them from the start. It is 
an extraordinary fact that al- 
though the lightness and weak- 
ness of the structures of these 
ships were known to those who 
built them, they do not seem to 
have been able to impress this 
adequately upon those who flew 
them. 


Armstrong Whitworth R33 
(33 class) 
Manufacturer: Sir Wo G Arm- 


strong Whitworth & Co Ltd (R33); 
William Beardmore & Co Ltd (R34) 

R33 built at Barlow near Selby, 
Yorkshire, R34 built at Inchinnan 
near Glasgow 

Number of type built: two 

Chief designer: C I R Campbell 

Main structural material; du- 
ralumin 

Design began: November 1916 

First flight of type: 6 March, 1919 

Powerplant: five 250hp Sunbeam 
Maori IV twelve-cylinder vee engines 

Gas capacity (100 per cent infla- 
tion): 1,958,553cu ft (55,460cu m) 

Overall length: 643ft (196.0m) 

Maximum diameter: 78ft Yin 
(24.0m) 

Spacing of main frames: 
91/2in (10.0m) 

Fineness of ratio: 5.03 

Number of gas cells: 19 

Number of main longitudinals: 13 





32ft 
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R38 built at Cardington was to 
have gone to the US' Navy as ZR- 
2. It first flew in June 1921 and 
suffered inflight structural failure 
that August. 

(Pritchard collection) 


Number of intermediate longitudi- 
nals: 12 

Empty weight: 81,3501b (36,900kg) 

‘Typical gross lift: 133,2691b (60,450 
kg) (1.09kg/cu m) 

‘Typical disposable load: 23,550kg 

Maximum fuel: 38,5801b (17,500kg) 

Crew: 23 

Maximum speed: 60mph (26.8 m/s) 

Maximum range: 4,815 miles (7,750 
km) at speed of 46mph (20.6m/s) 

Static ceiling: 13,120ft (4,000m) 

Cost: £350,000 

R33 (G-FAAG) first flew 6.3.19, 
made last flight 23.11.26, flew 735hr 
Imin and was broken up April 1928 

R34 first flew 14.3.19, made last 
flight 28.1.21, flew 49Shr 48min and 
was broken up January 1921 after 
being damaged 

R35 was not completed; cancelled 
early 1919 














R38 and R80 








Two more British airships were 
completed based on war-time 
Zeppelin designs. These were 
R36 discussed in the next chapter 
and R38 which was started by 
Short Brothers in November 
1918 and taken over in 1919 by 
the Royal Airship Works at 
Cardington. She was completed 
for sale to the United States as 
ZR-2. Three sister-ships, R39, 40 
and 41, were also ordered in Sep- 
tember 1918 and the first two 
were laid down by Armstrong 
Whitworth at Barlow later in 
1918. They were all cancelled 
soon after the end of the war, 
when about £1.8 million had al- 
ready been spent on them. 

R38 was started with the in- 
tention of producing an advance 
on the L70 class Zeppelins. The 
overall design was in the hands of 
C IR Campbell and his team at 
the Admiralty Airship Design 
Department. However, the detail 
design was largely the work of C 
T P Lipscomb of Short Brothers 
who, when the Royal Airship 
Works was set up in April 1919, 
stayed on at Cardington with 
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R38 in its shed. It bears the US 
Navy star beneath its bows. 
(Pritchard collection) 


R38 being walked from its shed. 
(Pritchard collection) 


about twenty draughtsmen until 
R38 was completed. 

R38 was a much more ambi- 
tious extrapolation from German 
experience than was either R36 or 
the American ZR-1 Shenandoah. 
For a start, the designers went to 
a larger diameter. Zeppelin stayed 
with the L30 class diameter in all 
ships built up to the end of the 
war. A new type of Zeppelin, 
with increased diameter, was 


























under construction shortly before 
the Armistice but was not com- 
pleted. R38 therefore represented 
a bold — events were to show too 
bold — step forward by the Brit- 
ish designers from German ex- 
perience. 

R38 was the largest airship in 
the world when she was com- 
pleted in 1921, and in fact re- 
mained the largest in terms of 
gross lift until R101 flew in 1929, 
Her diameter of 85ft 3!/2in (26m) 
was 2m up on the largest wartime 
Zeppelin, and her length of 695ft 
(211.8m) gave a capacity of 
2,740,420cu ft (77,600cu m) in 
fourteen gas cells. In other re- 








Commander L H Maxfield USN 
and part of the crew who would 
have flown R38 to the United 
States. 

(Courtesy Philip Jarrett) 


spects she followed L70 class 
practice quite closely, having 15m 
(49ft 2!/2in) bays with twelve in- 
termediate longitudinals. The 
corridor keel was rectangular, in- 
stead of A-shaped, as in L70. All 
weights were carried on the main 
frames but there were no stirrup 
wires or intermediate frame stif- 
fening as had been found necess- 
ary on the L70s. 

A radical departure was made 
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CIR Campbell, designer of R38. 


The wreckage of R38 in the Hum- 
ber in August 1921, 
(Courtesy Philip Jarrett) 
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Vickers-built R80. Chief designer, 
right, was Barnes Wallis and the 
ship first flew in July 1920. 
(Vickers) 


in the gas cell wiring which re- 
placed the wire-mesh and cord 
netting previously used. The lift 
of the gas cells was taken on cir- 
cumferential wires and on caten- 
ary wires running fore and aft. 
The hull had a V bottom and 
main-frame trussing similar to 
that used later by the Zeppelin 
company on LZ126 (See page 
138). The ship was powered by 
six 350hp Sunbeam Cossack 
engines. 

R38 was first flown on 23 
June, 1921. By then the Ameri- 
can crew who had come to collect 
her had been training in England 
for some time on R32, R34 and 
R80, and some of them partici- 
pated in the first flight tests. Fif- 
teen of them were among the 
forty-four, out of a total comple- 
ment of forty-nine, who lost their 
lives when the ship broke up and 





caught fire during turning trials 
over the Humber on her fourth 
flight on 24 August. The airship 
showed serious control deficien- 


cies and had suffered several 
minor structural failures on pre- 
vious flights. In retrospect it 
seems clear that there was some 
over-confidence in the way in 
which the flight trials were con- 
ducted. The fact that no British 
rigid had previously suffered ca- 





tastrophic structural failure in 
flight may have contributed to 
this. Amongst those who lost 
their lives were Air Commodore 
Maitland and C I R Campbell, 
the designer of the ship who had 
been made manager of the Royal 
Airship Works in 1920. 

‘The British Government an- 
nounced in May 1921 that it in- 
tended to close down airship 
operations unless commercial in- 
terests were prepared to take 
them over. Although a proposal 
was made in July for an Imperial 
Airship Company, the necessary 
financial interest was clearly not 
forthcoming and the loss of R38, 
and particularly of Air Commo- 
dore Maitland, the great airship 
protagonist, served to confirm the 
Government in its decision to 
stop airship activities. 

One other British rigid airship 
was completed in the early post- 
war period before the shutdown 
in 1921. This was a Vickers de- 
sign by B N Wallis, assisted by J 
E Temple, both of whom had 
been involved with Hartley Pratt 








R80 under construction at Walney 
Island in October 1918, 
(Vickers) 


in the design of No.9 and No.23. 
Known as R80, this new Vickers 
ship owed nothing to the Admir- 
alty design team under Campbell 
and showed that the Vickers de- 
signers were beginning to acquire 
an independent rigid airship de- 





sign capability. The R80 design 
inevitably still owed much to ear- 
lier German airship practice, but 
this ship was not in any way a 
derivative of a previous design. 
For one thing, she was only the 
second metal rigid to have a hull 
of good streamlined form with no 
parallel section along its length 
(the first had been Bodensee 
which, although she flew much 
sooner was probably of later de- 
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sign then R80). R80 did have 
10m (32ft 9!/2in) bays on the 
Zeppelin pattern and had 
Zeppelin-type girders, but there 
were fewer longitudinals than 
in recent Zeppelins (eleven 
main and ten intermediate). The 
fifteen gas cells gave a capacity 
of 1,260,000cu ft (35,680cu m) 
which made her quite a small 
ship. She was, in fact, built in the 
old Walney shed which meant 
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The control 
car of R80. 
(Vickers) 


that her length of 531ft 6in 
(162m) was actually less than that 
of the old 23 class. Power was 
provided by four 245hp Maybach 
Mb IVa engines. 

R80 flew for the first time on 
19 July, 1920. She had originally 
been ordered in November 1917 
and her construction had started 
in April 1918, but progress was 
slow and was suspended for a 
time after the Armistice. A sister- 
ship, R81, was approved in 
March 1918 but was never or- 





dered, R80 accumulated seventy- 
three hours’ flying before being 
grounded in 1921 as a result of 
the shutdown of British airship 
operations. She was then stored 
at Pulham until the new airship 
programme began in 1924, when 
it was reported that she was to be 
reconditioned. For no very clear 
reason, this did not happen and 
she was dismantled. It was 
claimed at the time that this was 
for political, rather than for tech- 
nical, reasons, although it is clear 





that with a top speed of only 
60mph (26.8m/s), her perfor- 
mance was disappointing. 

R80 suffered major structural 
failure on her first flight — eighty- 
three girders are said to have 
broken and the ship was so dis- 
torted that she was returned to 
her shed with only the greatest 
difficulty. After repairs and 
modifications, she flew until 20 
September 1921, mainly training 
US crew for R38, and was finally 
broken up in 1925. 





Royal Airship Works R38 (ZR-2) 





















































Vickers R80 




























































































Royal Airship Works R38, 
ZR-2 

Manufacturer: Royal Airship 
Works 


Built at Cardington near Bedford 

Number of type built: one 

Chief designer: C I R Campbell 

Main structural material: du- 
ralumin 

Design began: August 1918; (as- 
sembly began February 1919) 

First flight: 23 June, 1921 

Powerplant: six 350hp Sunbeam 
Cossack twelve-cylinder vee engines 

Gas capacity (100 per cent infla- 
tion): 2,740,420cu ft (77,600cu m) 

Overall length: 695ft (211.8m) 

Maximum diameter: 85ft 3!/2in 
(26.0m) 

Spacing of main frames: 
21/2in (15.0m) 

Fineness ratio: 8.15 

Number of gas cells: 14 

Number of main longitudinals: 13 

Number of intermediate longitudi- 
nals: 12 

Empty weight: 80,9101b (36,700kg) 

‘Typical gross lift: 186,475Ib (84,584 
kg) (1.09kg/cu m) 

‘Typical disposable load: 47,884kg 

Crew: 30 

Maximum speed: 66mph (29.5m/s) 

Maximum 


49ft 


range: 6,525 miles 
(10,500km) 
Cost: US$1,584,000 
R38 crashed due to structural 


failure on 24 August, 1921, after 70hr 
10min total flying time. The other 
three airships of this Admiralty A 
type (R39, R40 and R41) were can- 
celled in 1919 before completion. 


Vickers R80 

Manufacturer: Vickers Ltd 

Built at Walney Island, Barrow- 
in-Furness 

Number of type built: one 

Chief designer: B N Wallis 

Main — structural material: 
ralumin 

Design began: November 1917 

First flight: 19 July, 1920 

Powerplant: four 245hp Maybach 
Mb IVa six-cylinder inline engines. 

Gas capacity (100 per cent infla- 
tion): 1,260,000cu ft (35,680cu m) 

Overall length: 531 ft 6in (162.0m) 

Maximum diameter: 70ft (21.3m) 

Spacing of main frames: 32ft 
91/2in (10.0m) 


du- 





R36 AND ZR-1 SHENANDOAH 


Part of the passenger accommoda- 
tion aboard R36. 


Fineness ratio: 7.61 

Number of gas cells: 15 

Number of main longitudinals: 11 

Number of intermediate longitudi- 
nals: 10 

Empty weight: 48,500Ib (22,000 
kg) 

Typical gross _ lift: 
(38,890 kg) (1.09kg/cu m) 

‘Typical disposable load: 16,890kg 

Crew: 20 


85,7381b 


Maximum speed: 60mph (26.8 
m/s) 

Maximum range: 6,400 miles 
(10,300km) 

Last flight on 20 September, 


1921, after 73hr 12min flying time. 
Broken up in July 1925. 
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R36 and ZR-1 
Shenandoah 








The first airship directly pat- 
terned on L49 was the British 
rigid, R36. L49 was an L48 class 
Height-climber which had been 
captured by the French in Oc- 
tober 1917, R36 had originally 
been ordered on 5 January, 1917, 
with a sister-ship (R37) which 
was later cancelled. These ships 
were intended to be simply 
straightforward ‘stretches’ of the 
33 class. However, once the L49 
data became available from the 
French in the autumn of 1917, 
the new Airship Design Depart- 
ment, formed at the Admiralty 
under C I R Campbell in No- 
vember, used this information as 
the basis of its new ship. It was 
no doubt thought that L49 incor- 
porated the latest rigid airship 
practice and must therefore be an 
advance on the L33. In fact she 
was probably less suitable for the 
wartime role in which the British 
intended to use her — maritime 
reconnaissance ~ and she was cer- 
tainly less satisfactory for the 
peacetime role in which R36 was 
finally cast, that of low-level civil 
transport. 
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R36 was, in effect, an L48 class 
ship stretched by one 10m (32ft 
91/2in) bay to give a length of 672ft 
63/4in (205m) but containing two 
more gas cells to give a capacity of 
212,000cu ft (60,032cu m). The 
diameter (78ft 9in; 24m) was the 
same as 33 class. She was origin- 
ally going to be fitted with four 
350hp Sunbeam Cossack engines 
but in the event was completed 
with only three of these rather 
heavy units. The fourth was re- 
placed by two power-cars, each 
containing a 245hp Maybach Mb 
IVa taken from the surrendered 
Zeppelin L71. These power-units 


Beardmore-built R36 after the 50- 
passenger coach had been fitted. 
(Flight) 





gave R36 a top speed of 65mph 
(29.1m/s). 

Construction of R36 and R37 
began in December 1917, Beard- 
more built the former at Inchin- 
nan; Vickers started construction 
of the latter which was to have 
been erected in an enormous new 
shed under construction at 
Flookborough in Lancashire but 
was taken over by Short Brothers 
at Cardington. Work was sus- 
pended at the Armistice but was 
resumed early in 1919. R37 was 
cancelled but R36 was finally 
completed and flown for the first 
time on 1 April, 1921. By then 
she had been fitted with a 131ft 
(40m) passenger coach attached 
directly to the hull. This was in- 
tended to accommodate fifty 
people in two-berth cabins. R37 





was taken over by the Royal Air- 
ship Works when Cardington was 
nationalised in 1919. Her struc- 
ture was nearly complete when 
she was abandoned in February 
1921 after £325,000 had been 
spent (£2.6 million in present- 
day values). She was finally 
broken up in the autumn of 1924. 
R36 cost £350,000 (£2.8 million), 
plus the unrecorded cost of the 
passenger coach modifications. 
R36 did less than 100 hours of 
flying which was probably a good 
thing in view of the weakness of 
the structure. She had one nar- 
row escape on an early flight on 5 
April, 1921, when the upper fin 
and starboard tailplane failed in 
flight and the ship dived out of 
control from 6,000 to 3,000ft. On 
21 June she was even more seri- 








ZR-1 Shenandoah built 
by the US Naval Air- 
craft Factory and first 
flown in September 
1923. 

(Science Museum) 


Shenandoah, with six 
engines and full US 
Navy markings, over 
the Hudson. 

(Pritchard collection) 


bat 


ously damaged while attempting 
to moor to the mast at Pulham. 
She was damaged still further 
while being put into the shed. 
This had been occupied by the 
surrendered L64 which had to be 
hurriedly smashed up so that the 
remains could be dragged clear to 
make room for the British ship. 
When a decision was taken soon 
afterwards to stop work on air- 
ships, R36 was stored in a dam- 
aged condition until 1924. 

In 1924, when the new British 





airship programme started, R36 
was repaired at a cost of £13,800 
(£110,000). She was to have been 
used for a flight to Egypt to 
gather meteorological and other 
data needed for the big new air- 
ships ordered in the programme. 
Work on R36 was completed in 
about August 1925 but she was 
not used for the proposed flight 
because she was, in fact, quite 
unsuitable. The passenger coach 
which had been added as an 
afterthought when she was built 
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weighed 37,000Ib (16,780kg) and 
is reported to have reduced the 
disposable lift to only 35,900lb 
(16,284kg). R36 was not flown 
again and was broken up in June 
1926. 

The other ship derived from 
L49 was the American rigid ZR- 
1, later named Shenandoah. In 
the latter part of the war the 
United States authorities had 
been closely studying the possi- 
bilities of rigid airships and had 
concluded that they should build 
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one. Cdr Jerome C Hunsaker was 
charged with this project and a 
design team at the Naval Aircraft 
Factory under Starr Truscott was 
given the job. Truscott had been 
working for some time on rigid 
airship design for the joint 
Army/Navy Air Board and had 
obtained a set of the French 
drawings of L49 during a visit to 
France in 1918. These drawings 
were used as the basis of ZR-1’s 
design. 

The United States ship dif- 
fered from the L48 class in much 
the same ways as R36. The hull 
was one 10m bay longer than the 
original German design but con- 
tained two more gas cells giving a 
capacity of  2,151,200cu_— ft 
(60,915cu m). The diameter at 
78ft 9in (24m) was the same as 
the British copies of the L30 and 
L48 classes. The engines, origin- 
ally six 300hp Packard 1A-1551, 
were later reduced to five. There 
were some detailed changes to the 
structure which, for example, in- 
corporated provision for nose 
mooring to a mast on the British 
pattern, and there was a slight 
change in the length of the hull 
as compared with R36. However, 
basically, the German design was 
closely followed and it was 
claimed that ZR-1’s structure was 
within five per cent of its design 





weight, a comparable achieve- 
ment to Zeppelin with LZ126 
and LZ127. 

Charles P Burgess (1888- 
1951), who was responsible for 
the stressing of ZR-1, later ad- 
mitted that ‘there was actually 
little more than a blind faith that 
an incalculable source of strength 
offset an equally incalculable 
source of strain’ and it seems, in 
retrospect, that this was indeed 
the position in the case of all the 
adaptations by other designers at 
this time of the basi¢ Zeppelin 
designs. 

The US Naval Appropriations 
of July 1919 provided for one 








The wreckage of the stern of Shen- 
andoah at Ava, Ohio, in Septem- 
ber 1925. 

(Pritchard collection) 


Lieut-Cmdr Jerome C Hunsaker 
USN was sent to Europe in 1913 
to study naval aviation develop- 
ment, flew over Berlin in the 
Viktoria Luise, and was long in- 
volved with the US naval airship 
programme. 

(US Navy) 


rigid to be built in the United 
States (ZR-1) and for one to be 
purchased abroad; at this stage, 
the latter was presumably in- 
tended to be the Zeppelin LZ125 
(See page 139). 

Construction of the compo- 
nents of ZR-1 started at the 
Naval Aircraft Factory in Phila- 
delphia in August 1919 and erec- 
tion of a large assembly hangar 
was put in hand at Lakehurst, 
New Jersey. Assembly of the ship 
herself began at Lakehurst in 
April 1922. Inflated with helium 
(the first rigid to use this gas), 
she was flown for the first time 
on 4 September, 1923, the 
Americans having obtained the 
services of an experienced Ger- 
man Zeppelin captain, Anton 
Heinen, to help with the flying. 
(Shenandoah, as the ZR-1 was to 





cost 
in current values) 
and it was reported that a filling 


be named, 


(£3,960,000 


$2,200,000 


of helium 
(£368,000). 

Helium had been first detected 
spectrographically in the sun by 
Sir J Norman Lockyer in 1868. It 
was first identified on earth by 
Sir William Ramsay in 1895 and 
was first used in a pressure-air- 
ship, the US Army’s C-7, on 5 
December, 1921. 

During the following two 
years, Shenandoah was flown 
quite intensively, accumulating a 
total of 740 hours in 57 flights. 
Much of her time was spent ex- 
perimenting with mooring to 
high masts, of the type adopted 
from the British, but this caused 
its share of troubles, including a 
breakaway on 16 January, 1924, 
similar to that experienced fifteen 
months later by R33. As with 
R33, ZR-1 had a skeleton crew, 
under Heinen, on board at the 
time. A fin collapsed and the 
nose was crushed, but the dam- 
aged ship was able to return to 
base under her own power. She 
was repaired, put back into ser- 
vice and then proceeded to make 
a number of notable flights in- 
cluding one of some 9,000 miles 
(14,500km) in seven stages to San 
Diego and Seattle, and back to 
Lakehurst. 

On 3 September, 1925, she 
was caught in a squall over Ava, 
Ohio, and broke up while being 


cost 


$211,500 
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lifted uncontrollably in a 15m/s 
(2,950ft/min) up-draught. Reduc- 
tions in the numbers of valves in 
the gas cells had been made to 
save weight and to help conserve 
the expensive helium and _ there 
were suggestions that this may 
have contributed to the structural 
failure. In any event, Shenandoah 
obviously inherited the deliberate 
weaknesses of the ‘Height-clim- 
bers’. Inflated with helium, she 
did not catch fire and this re- 
duced the fatalities to fourteen 
out of the forty-three on board. 
Beardmore R36 (36 class) 

Manufacturer: William Beardmore 
& Co Ltd 

Built at Inchinnan near Glasgow 

Number built: one 

Chief designer: C I R Campbell 

Main _ structural du- 
ralumin 

Design began: January 1917 

First flight: 1 April, 1921 

Powerplant: three 350hp Sunbeam 
Cossack twelve-cylinder vee and two 
245hp Maybach Mb IVa six-cylinder 
inline engines 

Gas capacity (100 per cent infla- 
tion): 2,120,000cu ft (60,032cu m) 

Overall length: 672ft 63/4in (205.0 
m) 

Maximum diameter: 78ft 9in (24.0m) 

Spacing of main frames: 32ft 9!/2in 
(10.0m) 

Fineness ratio: 8.54 

Number of gas cells: 20 

Number of main longitudinals: 13 

Number of intermediate longitudi- 
nals: 12 





material; 
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Empty weight: 117,7261b (53,400 
kg) 

‘Typical gross lift: 144,255Ib (65,433 
kg) (1.09kg/cu m) 

‘Typical dispoable load: 12,033kg 

Crew: 28 

Passengers: 50 


Maximum speed: 65mph (29.1 
m/s) 

Maximum range: 7,765 miles 
(12,500km) 


Cost: £350,000 


R36 (G-FAAF) probably made its 
last flight on 17 or 21 June, 1921, 
after a total of 97hr Smin flying time. 
She was broken up in June 1926. A 
second airship in this class (R37) was 
not completed, cancelled in February 
1921, 


Naval Aircraft Factory ZR-1 
Shenandoah 

Manufacturer: Naval Aircraft Fac- 
tory, Philadelphia 

Built at Lakehurst 

Number built: one 

Chief designer: S. Truscott 

Main structural material: 
ralumin 

Design began: August 1919 

First flight: 4 September, 1923 

Powerplant: six 300hp Packard 
1A-1551 twelve-cylinder vee engines. 
Sixth engine later removed 

Gas capacity (100 per cent infla- 
tion): 2,151,200cu ft (60,915cu m) 

Overall length: 680ft 3in (207.3m) 


du- 


Maximum diameter: 78ft 9in 
(24.0m) 
Spacing of main frames: 32ft 


91/2in (10.0m) 





Beardmore R36 (36 class) 



























































Naval Aircraft Factory ZR-1 Shenandoah 
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Fineness ratio: 8.64 
Number of gas cells: 20 
Number of main longitudinals: 13 
Number of intermediate longitudi- 
nals: 12 
Empty weight: 77,382Ib (35,100kg) 
Typical gross lift: 142,727Ib 
(64,740kg) (helium) (1.079kg/cu m) 
Typical disposable load: 29,640 kg 
Maximum fuel: 14,550Ib (6,600kg) 
Crew: 23 
Maximum speed: 62.63mph (28.0 
m/s) 
Maximum 
(4,200km) at 
(22.2m/s) 
Cost: US$2,200,000 


ZR-1 was rebuilt January-May 
1924. After a total of 740 flying hours 
and 59 flights ZR-1 crashed as a 
sult of structural failure on 3 Septem- 
ber, 1925 


2,610 miles 
of 49.65mph 


range: 
speed 





Part of the passenger cabin in 
Bodensee. A map of the Friedrichs- 
hafen—Berlin route is on the bulk- 
head. 

(Luftschiffbau Zeppelin) 


LZ120 Bodensee at Friedrichshafen. 


(Luftschiffbau Zeppelin) 











Bodensee, 
Nordstern and 
Los Angeles 








At the end of the First World 
War, Luftschiffbau Zeppelin had 
grown into a vast organisation 
employing 13,600 people at 
Friedrichshafen and Lowenthal, 
4,700 at Staaken and 2,000 at 


Tempelhof, plus 2,500 in May- 
bach. The company was now 
making aeroplanes and other pro- 
ducts but there were three more 
L70 class ships being built and 
work was in progress on a new, 
larger type of Zeppelin, the L100 
class of 75,000cu m (2,648,600cu 
ft) capacity which had originally 
been ordered by the Navy in July 
1918. The design of L100 was 
changed in September to one of 
29.4m (96ft 6in) diameter and 
108,000cu m (3,813,990cu ft) ca- 
pacity. She was to have been 


powered by no fewer than ten 
245 Maybach Mb IVa engines 
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LZ121 Nordstern (DII) never went into DELAG service. and would have been more than 
(Luftschiffbau Zeppelin) seventy per cent larger than the 

largest previous Zeppelin. How- 
The passenger accommodation in LZ121 Nordstern, with luggage racks, ever, she was cancelled in Oc- 


ceiling lights and opening windows. tober 1918. 
(Luftschiffbau Zeppelin) On 26 November, 1919, Alfred 


Colsman, who was still managing 
director of Luftschiffbau Zep- 
pelin, had discussions with the 
Americans about the possible 
construction of an airship for sale 
to the United States. This ship, 
known as LZ125, would have 
been largely based on the L100 
class and would have employed 
components already purchased or 
manufactured for the first L100 
ships. By these means the Ger- 
mans estimated that they could 
supply this large (100,000cu m; 
3,531,470cu ft) ship for the ri- 
diculously low price of 12 million 
devalued marks (probably equi- 
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LZ126 arriving at US Naval Air 
Station Lakehurst at the end of its 
transatlantic delivery flight. 
(Friedrich Moch collection) 


LZ126, later ZR-3 Los Angeles, 
at Friedrichshafen in the summer 
of 1924. 

*(Luftschiffbau Zeppelin) 


LZ126 with US Navy markings as 
ZR-3 Los Angeles. 
(Pritchard collection) 
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Star), was also built. LZ120 was 
of 18.7m (61ft 4!/2in) diameter 
and initially had had a capacity of 
only 20,000cu m (706,290cu ft), 
only slightly more than the pre- 
war Hansa, but she was leng- 
thened by one 10m bay during 
the 1919-20 winter and her 
sister-ship was built from the 
beginning in lengthened form 
with a capacity of 22,550cu m 
(796,350cu ft). These ships were 
built of the smaller of two basic 
types of girder used in the L30 
class and had main frames with- 
out kingposting. ‘There was no 
axial wire. Four 24Shp Maybach 
Mb IVa motors gave them the 
high top speed of 36.8m/s 
(Above and Below) Part of the accommodation in the Los Angeles. (82.3mph). 

(US Navy) 














valent to about £760,000 in pres- 
ent-day values). 

The other victorious Allies 
were not at all keen on the 
Americans placing this order 
because they wanted Germany’s 
airship-building capability de- 
stroyed. Perhaps because of this 
the negotiations came to nothing. 
Shortly afterwards Colsman re- 
tired and Hugo Eckener succeed- 
ed him as head of the Zeppelin 
company, becoming general man- 
ager in 1922 and managing direc- 
tor in 1928. 

Meanwhile, the works at Fried- 
richshafen had not been idle des- 
pite the Armistice and the Allies’ 
ban on the construction of fur- 
ther military airships. At the end 
of the war, design work was im- 
mediately begun on a new class 
of small civil rigid suitable for 
use on short-range services such 
as DELAG had hoped to intro- 
duce before the war. The new 
design was finished in about 
three months and construction of 
the first ship, LZ120, later named 
Bodensee (Lake Constance), was 
started in January 1919. She was 
completed and flown for the first 
time on 20 August. In the latter 
part of 1919 DELAG used this 
ship to run a scheduled passenger 
service between Friedrichshafen 
and Berlin (See Appendix 2). 
Later, a second ship of the same 
type, LZ121 Nordstern (North 
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Dr Hugo Eckener. 


The Allies objected to these activities by 
the Zeppelin company and eventually ruled 
that the two airships had to be handed 
over, one to Italy and the other to France, 
as war reparations in lieu of naval Zeppe- 
lins which had been destroyed by their 
crews to prevent them falling into Allied 

hands. LZ120 was handed over to Italy on 
3 June, 1921 and — renamed Esperia — was 
based at Ciampino near Rome until she was 
broken up in July 1928. LZ121 - renamed 
Méditerranée — was delivered to the French 
on 18 July, 1921 and was based either at 
Rochefort or with the ill-fated L72 — Dix- 
mude — at Cuers-Pierrefeu near Toulon in 
the south of France. She was finally broken 
up in September 1926, Both ships seem to 
have done quite of lot of flying in the hands 
of their new owners. LZ121 carried the 
French Air Minister, Laurent Eynac, on a 
visit to Rome in October 1923. 

After the handing over of LZ120 and 
LZ121 in mid-1921, activity at the Zep- 
pelin works reached a low ebb and it looked 
for a time as if this would be the end of the 
company. However, the Americans, al- 
though frustrated in their attempt to ac- 
quire LZ125, had not given up the idea of 








This amazing photograph, taken at midday 
on 25 August, 1927, shows the Los Angeles 
moored to the high mast at Lakehurst. The 
wind lifted the ship into the vertical attitude 
and swung it through 180 degrees. None of 
the 25 on board was hurt. 

(US Navy) 














having the Zeppelin company 
build them a new airship. They 
planned to use this to gain rigid 
airship experience and as a pat- 
tern for new ships of their own 
which they might wish to develop 
in the future, 

Early in 1921, the Luftschiff- 
bau Zeppelin again raised the 
question with the Americans of 
an order for LZ125. Nothing 
came of this directly but discus- 
sions continued and_ eventually 
led to the signing, on 24 June, 
1922, of a contract for an entirely 
new large Zeppelin, the LZ126. 
The Americans wanted a ship of 
100,000cu m (3,531,470cu ft) but 
the Allies, through the London 
Protocol of 5 May, 1921, had put 
a ban on the Germans building 
airships larger than 30,000cu m 
(1,059,440cu ft). Eventually, after 
much negotiation, the other Al- 
lies agreed to the Americans 
buying a ship of 70,000cu m 
(2,472,030cu ft), rather larger 
than the largest size built during 
the war and the smallest which it 
was reckoned could be delivered 
safely across the Atlantic. She 
was also well inside the dimen- 
sions of Shed II at Friedrichs- 
hafen where she was built. The 
price agreed was three million 
gold marks (£1,540,000 in today’s 
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values) of which 2.66 million 
marks (£1,360,000) was already 
due to the United States as their 
share of reparations. A US Navy 
inspection team of three, under 
Cdr Garland Fulton, USN, was 
stationed at — Friedrichshafen 
throughout the manufacture of 
the airship. Work had begun 
speculatively on the design of this 
ship in September 1921, and she 
was planned for completion by 
the end of 1923. 

LZ126, named Los Angeles 
after her delivery to the United 
States, proved notable in several 
respects. Not only did she pro- 
vide work needed to keep the 
Zeppelin company alive but she 
was also a most successful ship 
and remained in commission for 
over fourteen years, the longest- 
lived of any rigid. 

LZ126 was smaller in diameter 
(31.9m; 104ft 73/4in) than had 
been proposed for LZ125, and 
her length was shorter at 200m 
(656ft 2in) but she retained the 
15m main frame spacing, with 
kingposted main frames and two. 
intermediate frames, of the last 
wartime Zeppelins. An axial cable 
was re-introduced. There were 
thirteen gas cells and five 400hp 
Maybach VL1 engines, each in a 
separate engine-car. Although the 


ship had been ordered for the US 
Navy, she was not armed or 
fitted out for military purposes. 
The structure represented a quite 
radical change from previous 
ships. In particular, the main gir- 
ders were, for the first time, basi- 
cally rectangular box sections 
instead of triangular, and one of 
the types used had plate webs. 
The main frame bracing was 
new, being in a diamond pattern. 
Although the hull was com- 
pleted in late 1923, there were 
delays in the development of the 
new twelve-cylinder engines and 
these held up the first flight until 
27 August, 1924. Eckener then 
made a series of test flights cul- 
minating in a 3,500km (2,175 
miles) round-trip to Malmé in 
Sweden with seventy-three 
people on board on 25 Septem- 
ber. Finally, on 12 October, he 
left Friedrichshafen and _ safely 
delivered the ship to Lakehurst, 
New Jersey, on 15 October. 
Thereafter, the Los Angeles, as 
she now became, was emptied of 
her hydrogen, re-filled with non- 
inflammable helium and put into 
commission in the US Navy. She 
flew some 4,180 hours during the 
next eight years and was kept in- 
flated and used for mooring and 
other experiments for another six 





Zeppelin Type y LZ120 Bodensee 


















































Zeppelin LZ126 (ZR-3) Los Angeles 
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Production 
Cin Name First Last Hours Disposal 
flight flight flown 
LZ120 DI Bodensee 20.8.19 26.11.19 532+ Converted to LZ120A 


LZ120A DI Bodensee 


LZ121_ DII Nordstern 8.6.21 


early 1920 21.7,28 


Broken up July 1928 
25.8.26To France as 

Méditerranée., 18.7.21. 

Broken up Sept 1926 


Bodensee enlarged to 22,550cu m capacity and Nordstern built to this ca- 


pacity 





years after that. Towards the end 
of her life she was used for vari- 
ous structural tests and was fi- 
nally broken up in October 1939. 

This long life was partly due 
to the way the Americans looked 
after her. Apart from being care- 
fully and sensibly operated, she 
was given an extremely thorough 
overhaul in 1925, This included 
replacement of all the keel in par- 
ticular, and a most comprehen- 
sive cleaning and __ protective 
varnishing of the whole of the 
rest of the structure. This had 
previously been completely un- 
protected against corrosion and 
was deteriorating rapidly. ‘The 
ship was refilled with helium in 
March 1926, 


Zeppelin LZ120 (Type y) 
Bodensee 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Friedrichshafen 

Number built: two 

Chief designer: L Darr 

Main — structural material: 
ralumin 

Design began: October 1918 

First flight of type: 20 August, 
1919 

Powerplant: four 245hp Maybach 
Mb IVa six-cylinder inline engines 

Gas capacity (100 per cent infla- 
i 0,000cu m, later 22,550cu m 

Overall length: 120.8m, — later 
130.8m. 

Maximum diameter: 18.7m 

Spacing of main frames: 10.0m 

Fineness ratio: 6.46 

Number of gas cells: 12, later 13 

Empty weight: 13,200kg 

Typical lift: 
(1.16kg/cu m) 

Typical disposable load: 10,000kg 

Maximum fuel: 2,400kg 


du- 





gross 23,300kg 





Crew: 16 

Passengers: 21 

Maximum speed: 
mph) 

Maximum range: 1,700km at speed 
of 26.4 m/s (59mph) 

Static ceiling: 1,900m 


36.8m/s_ (82.3 


Zeppelin LZ126 (ZR-3) Los 
Angeles 

Manufacturer: 
pelin GmbH 

Built at Friedrichshafen 

Number built: one 

Chief designer: L Durr 

Main structural material: 
ralumin 

Design began: July 1922 

First flight: 27 August, 1924 

Powerplant: five 400hp Maybach 
VLI twelve-cylinder vee engines 

Gas capacity (100 per cent infla- 
tion): 70,000cu m 

Overall length: 200.0m 

Maximum diameter: 31.9m. 

Spacing of main frames: 15.0m 

Fineness ratio: 6.27 

Number of gas cells: 13 

Number of main longitudinals: 24 

Empty weight: 42,200kg 

Typical gross lift: 81,300kg (hy- 
drogen) (1.16kg/cu m), 75,600kg (he- 
lium) (1.079kg/cu m) 

‘Typical disposable load: 39,100kg 

Maximum fuel: 17,100kg 

Crew: 28 

Passengers: 20 

Maximum speed: 32.7m/s (73.14 
mph) 

Maximum range: 12,500km at 
speed of 27.8m/s (62.18mph) 

Cost: US$863,332 


LZ126 made her last flight on 30 
June, 1932, after a total of 4,181!/4 
flying hours and 331 flights. She was 
not broken up until October 1939 
being used for mooring and other ex- 
periments 


Luftschiffbau Zep- 


du- 


To Italy as Esperia, 3.6.21. 








Sheds and 
Mooring Masts 
for Rigid Airships 








During her long career, Los 
Angeles was employed mainly for 
training although she made quite 
a few long-distance trips, took 
part in trial exercises with the 
fleet and was used extensively for 
experimental purposes. She was 
especially valuable in developing 
mooring and ground-handling 
techniques and equipment. This 
history has already made clear the 
major problems of handling rigid 
airships on and near the ground. 
The Germans have sometimes 
been accused of paying insuffi- 
cient attention to this aspect of 
rigid airship operations. The 
criticism is not justified, The 
Germans had far more experience 
of flying rigids than all other 
countries taken together and 
probably did about 80 per cent of 
all rigid airship flying. While 
gaining this experience the Ger- 
mans came to the conclusion that 
the best way to handle rigids on 
the ground was to use handling 
parties combined with special 
ground trolleys running on rails 
leading into fixed hangars. These 
were aligned as far as possible 
with the prevailing wind. They 
did try rotating-hangars on land, 
following the idea of Count Zep- 
pelin’s original floating sheds, but 
abandoned these because of their 
very high cost. (See Note 20) 
They were also vulnerable to 
snow and ice. 

Alignment with the prevailing 
wind did not mean that the wind 
would not often be across a fixed 
shed’s doors. To overcome this 
difficulty, the British made exten- 
sive use of giant windbreaks. 
These were supposed to provide 
shelter from the wind but, in 
practice generated unhelpful tur- 
bulence. Their use was finally 
abandoned. 











Sheds for rigid airships were 
enormous structures — among the 


largest, cathedral-like buildings 
erected by man. The largest were 
up to 350m (1,150ft) long and 
60m (200ft) high. The first pur- 
pose-designed airship shed was 
the so-called ‘Hangar Y’, com- 
pleted in 1879 at the French 
aeronautical research establish- 
ment at Chalais-Meudon near 
Paris. It was built for the Renard 
and Krebs pioneer pressure-air- 
ship, La France of 1884. The 
building, whose design is at- 
tributed to Gustav Eiffel (1832— 
1922), still stands as a memorial 
to the first fully-controllable air- 
ship. 

It was Count Zeppelin who 
first tackled the problem of the 
especially large sheds required for 
rigid airships which were usually 
themselves so much larger than 
contemporary _pressure-airships. 
Zeppelin sited his first sheds at 
Manzell, 8km (5 miles) west of 
Friedrichshafen. The first floated 
on Lake Constance and was 
moored at one end only, so that 
the end-doors always faced exact- 
ly down-wind thus reducing the 
problems of exit and entry. Zep- 
pelin’s second shed was built on 
piles over the water, also at Man- 
zell, and was intended for con- 
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View looking 
approximately 
northeast show- 
ing the three 
Friedrichshafen 
Zeppelin sheds 
in 1919. 

(Luftschiffbau 
Zeppelin) 
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Zeppelin’s first floating shed under construction at Manzell. 


Zeppelin’s second floating shed under construction at Manzell. 





struction purposes only, particu- 
larly after a third shed — paid for 
by the Government — had been 
completed. The third shed also 
floated on the Lake, an arrange- 
ment which was not, however, 


repeated. All subsequent rigid 
airship construction sheds were 
built on land in Germany. Vic- 
kers in England copied Zeppelin’s 
second shed, erecting HMA No.1 
in a hangar, on piles, over Ca- 
vendish Dock. 

The British spent a great deal 
of time and effort developing 
high mooring masts which had 


originally been suggested in Ger- 
many before 1910. Mayfly had 
been successfully moored, for 
three days, to a short mast in Ca- 
vendish Dock, when she was first 
brought out of her hangar in 
1911, and a small pressure-air- 
ship, Beta, was moored to a mast 
at Farnborough in 1912. It was 
not until 1919 that the first, not 
very successful, experiments were 
made in mooring a rigid, No.23, 
to a high mast at Pulham; this 
was 120ft (36.5m) high. In 1921, 
further trials were made with 
R33 and R36, using a new type 


of masthead designed by Major 
G H Scott and the Royal Airship 
Works. These trials were more 
successful and the high mast 
(200ft; 60m high) was adopted for 
the 1924 British rigid airship pro- 
gramme. 

The Germans, on the other 
hand, were never seriously at- 
tracted to high masts and the 
British soon found that they had 
major disadvantages. The most 
serious of these was that the ship 
had to be continuously ‘flown’ 
while at the mast. That is to say, 
all the problems of maintaining 
the ship in static and dynamic 
equilibrium continued while she 
was moored to a high mast, with 
the added complication intro- 
duced by the fact that the ship 
was anchored by her nose and 
was, therefore, subjected to addi- 
tional large forces at that point. 
This was particularly critical in 
conditions of high or rapidly 
changing winds, changes in tem- 
perature or in a heavy precipita- 
tion. In addition there - still 
remained the problem of hand- 
ling when getting the ship into 
and out of her hangar, although — 
at least in theory — this needed to 
be done less frequently if a mast 
were also available. The Ger- 
mans, for their part, usually 
preferred to put their ships in a 
shed. 

The United States initially 
adopted the high mast from the 
British, and Los Angeles accord- 
ingly spent much time moored to, 
and on tests with, masts at Lake- 
hurst and elsewhere, including 
one specially fitted to US'S Pato- 
ka, a ship of the US Navy. An 
airship mast was even built on 
the top of a skyscraper (the Em- 
pire State Building) in New York 
City. During this period, on 25 
August, 1927, Los Angeles had 
one spectacular and alarming ex- 
perience when a sudden change 
of wind, combined with a par- 
ticular static lift condition, made 
her do a sudden ‘nose stand’ on 
the Lakehurst mast. For a brief 
moment, the 200 metre-long (656ft 
2in) airship stood absolutely ver- 
tical, anchored by her nose to the 
top of the mast. It says much for 








her structural integrity that she 
suffered no serious damage. 

The Americans eventually be- 
came disenchanted with high 
masts and stopped using them. 
Los Angeles played a major part 


ase 
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in the development of new 
ground-handling equipment which 
represented a major step forward. 
The most important element of 
this was the travelling mast to 
which an airship could be moored 


ai: 


See oes 


shed at Walney Island 


Vickers’ 
photographed on 19 July, 1916. 


The Zeppelin shed at Frankfurt- 
am-Main in 1912. 
(Luftschiffbau Zeppelin) 
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while the gondolas were close to, 
or in contact with, the ground. 
‘This type of mast could be used 
for mooring in the open when 
desired, but had the great advant- 
age that, helped by other ground- 
handling devices, similar to those 
developed by the Germans, it 
could also tow an airship into and 
out of her shed. 

In mid-1930, Los Angeles was 
taken into the hangar at Lake- 
hurst, using the newly-developed 
equipment, with a ground-hand- 
ling party of only about sixty 
men, while more than 200 other 
members of the normal handling 
party stood by. But, even with 
these new facilities, Hindenburg — 








A typical German wartime airship 
base — Borkum. 


The rotating double shed at Nord- 
holz. 
(Pritchard collection) 


Royal Airship Works and 
aerodrome, Cardington. 
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The Cardington 
mooring mast. 


one of the last two rigids built 
still required a normal ground- 
handling party of 230 men for 
her arrivals at and departures 
from Lakehurst while operating a 
scheduled service across the At- 
lantic in 1936-37. Without the 
new equipment, larger numbers 
had normally been required in 
the past to handle much smaller 
rigids on the ground. 
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For mooring out, the stub 
mast could be positioned away 
from all obstructions in the 
centre of a circular railway track 
on which a specially-designed car 
could travel and to which the 
airship’s tail was attached by an 
appropriate structure. This so- 
called ‘stern beam’ would also 
allow the airship to be forced 
against the pressure of a cross- 
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wind to align it with the shed’s 
axis before it was towed inside by 
the travelling mast. 

Among other experimental 
work undertaken by Los Angeles 
was the launching and hooking- 
on of aeroplanes while in flight. 
Although aeroplanes had been 
launched from rigids in Germany 
and the United Kingdom during 
the First World War, the first 
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Fixed short mooring mast at Staaken, Berlin, with LZ127 Graf Zeppelin. 
(Lufthansa) 


LZ127 moored to a German mobile mast. 
(Lufthansa) 











hook-on of an aeroplane to an 
airship (the US Army pressure- 
airship, TC-3) was made on 15 
December, 1924, by First Lieut 
C V Finter in a Sperry Mes: 

enger. The first hook-on to a 
rigid (R33) was made on 15 Oc- 
tober, 1925, by Sqn Ldr R A de 
Haga Haig, RAF, in a de Havil- 
land D.H.53 ultra-light aero- 
plane. These were comparatively 
limited tests: Los Angeles was 
used for an extensive programme 
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of trials in the operation of aero- 
planes from a rigid to prove i 
feasibility before this capab 
was built into the United States 


rigids, Akron and Macon. The 
first tests on Los Angeles were 
made by Lieut A W_ Gorton, 
USN, in a Vought UO-1 on 3 
July, 1929. The former German 
fighter ace of the First World 
War, Ernst Udet, flying a Focke- 
Wulf Fw 44 Stieglitz trainer, 
made some hook-ons to and re- 


The Goodyear-Zeppelin Airdock at 
Akron, Ohio. 


leases from Hindenburg on 11 
March, 1937. 

Major features of rigid airship 
programmes e the enormous 
sheds required for the manufac- 
ture and operation of these vul- 
nerable aircraft. Twenty-one 
construction bases were involved 
in the manufacture of 163 rigid 
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Rigid-Airship Assembly Sheds in 








Friedrichshafen Area 

Shed Type Shed Shed Shed Shed First] 
of Dimensions; Started Com- Dis- last 
Shed length, width, pleted mantled Airship 

height (m) built 

Manzell Floating 150 16x16 April June Nov LZl 

(Old Shed I) shed 1899 1899 1900 only 
(wood) 

Manzell Fixed 140 26x25 June Jan Oct —-LZ2/ 

(Old Shed II) _ single 1904 1905 1906 L233 
shed 
(wood) 

Manzell Floating 150 x 25x23 March Sept 1910  LZ4/ 

(Reichshalle) shed 1907 1907 LZs 
(steel) 

Friedrichshafen Single 141% 20x19 April May July Storage 

(Tent Hangar) shed 1909 1909 1912 
(wood & 
canvas) 

Ring Shed Jan Oct April LZ6/ 

(Berth 1) 1909 1909 1929 LZ39 
Double 176 x 46 x 25 

Ring Shed | shed Jan Feb April LZ10/ 

(Berth I) (steel) 1909 1910 1929 LZ36 

Factory Shed I Single 192 32x28 Aug Nov 1929 LZ38/ 
shed 1914-1914 LZ112 
(steel) 

Factory Shed II Single 232 35x28 July June 1944 LZ80/ 
shed 1915 1916 LZ127 
(steel) 

New Single 250% 50x46 1930 1932 1978  LZ129/ 

Construction shed LZ130 

Shed (steel) 

Friedrichshafen Single 270% 46x49 1943 1943. 1978 

(moved from shed 

Lowenthal) (steel) 

Lowenthal] Single 232% 35x28 Jan April 1928 LZ41/ 
shed 1915 1915 LZl1 
(steel) 

Lowenthal II Single 270 46x49 Jan Sept 1943 = 

(moved to shed 1931 1931 


Friedrichshafen) (steel) 











Rigid-Airship Assembly Sheds outside 



































Friedrichshafen Area 
Germany 
Shed Length Width Height Started Completed First/Last 
(m) (m)— (m) Airship 
built) 
Frankfurt 160 3025 1910 1911 L226 only 
(Rebstock) 
Potsdam 165 3055 1.1914 8.1914 LZ27/LZ73 
(Wildpark) 
Berlin (Staaken) 
North Shed 240 40 35 6.1915 4.1916 LZ77/LZ104 
South Shed 240 40 35 6.1915 4.1916 
Mannheim 137 26 (25 1909 12.1909 S.L.1/S.L.22 
(Rheinau) 
Mannheim 184 3528 - 1914 S.L.4 only 
(Sandhofen) 
Berlin (Zeesen) 240 3835 10,1915 4.1916 
Leipzig 184 60 39 1912 3.1915 S.L.6/S.L.18 
(Mockau) 
Darmstadt 184 358 1914 S.L.5 only 
Note: Schwarz No.2 was built at Berlin-Tempelhof but no shed details known 
United Kingdom 
Barrow 161 65 (29 11.1909 6.1910 No.1 only 
(Cavendish Dock) 
Barrow 164 45 (33 1.1914 12.1914 — No,9/R80 
(Walney Island) 
Glasgow 213 46.5 46.5 1.1916 7.1916 No.24/R36 
(Inchinnan) 
Selby (Barlow) 213 46 30.5 1917 No.25/R33 
Bedford 
(Cardington) 
Shed I 248 84 55 8.1916 4.1917 R31/R38 
Shed II 248 84 55 5.1927 - R101 only 
Goole (Howden) 229 46 40 - 12.1916 R100 only 
United States of America 
Lakehurst, 278 8559 10,1919 2.1922 ZR-I only 
New Jersey 
Akron, Ohio 358 99 55 1929 1930 ZRS4/ZRSS 
Grosse Ile, 55 377 1927 1960 ZMC-2 
Detroit, Michigan 
France 
Saint-Cyr, Paris 160 254 9.1909 3.1911 Spiess only 
Russia 
St Petersburg 50 15 = 1892 9.1893 Schwarz Nol. 


(Volhkov) 


only 
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airships in four countries: Ger- 
many, the United Kingdom, 
France and the United States. 
(See Note 21). 





LZ127 taking on fuel and gas at 
Mines Field, Los Angeles, during 
its round-the-world flight in 1929. 








British 1924 
Airship 
Programme — 
R100 and R101 








An Imperial Conference, held in 
London in July 1921, discussed 
among other things the possi- 
bility of airship services to link 
different parts of the British Em- 
pire including a route to India 
and Australia. The view was still 
widely held at this time that the 
airship was superior to the aero- 
plane for long-distance services, 
particularly over water, Although 
the aeroplane was already signifi- 
cantly faster than the airship, it 
was still a short-range vehicle. 
Not until the late 1930s did aero- 
planes begin to have enough 
range for regular intercontinental 
operations. No decision was 
reached at the Imperial Con- 
ference but in March 1922 Cdr 
Dennistoun Burney put forward 
proposals in association with Vic- 
kers and Shell for an Imperial 
Airship Scheme to take over all 
British airship assets and to oper- 
ate Empire airship services. This 
was accepted in principle by the 
Government in mid-1923. Also in 
1923 an alternative Anglo-Ger- 
man Airship Scheme was mooted 
but came to nothing. In Decem- 
ber that year, the Airship Guar- 
antee Company was formed with 
the backing of Vickers. 

In May 1924, the Labour 
Government under Ramsay Mac- 
Donald, which had come to 
power in January, rejected the 
Burney scheme and adopted, in- 
stead, a plan for a part-Govern- 
ment, part-private enterprise 
three-year programme. A con- 
tract was signed with the Burney- 
Vickers Group for the private 
enterprise part of the programme 
on 1 November, 1924, its airship 
to be delivered by September 
1927. The Government part of 
the new scheme involved a paral- 

















lel development at the Royal Air- 
ship Works at Cardington. Thus, 
the 1924 airship programme pro- 
vided for the development of a 
new large rigid, R101, to be Gov- 
ernment-built at Cardington, and 
the parallel development of a 
competitive, private enterprise 
ship, R100, by the Airship Guar- 
antee Company at the former air- 
ship operating base at Howden in 
Yorkshire, which was taken over 
for the purpose. 

A Conservative Government 
returned to power late in 1924 
and took over the programme; 
thus development of the two air- 
ships went forward in parallel. 
‘The Conservative Government 
fell in the spring of 1929. Lord 
Thomson, who had been Air 
Minister in the 1924 Labour 
Government, returned to the Air 
Ministry, and once again became 
the minister responsible for the 
two airships. His involvement 
was to play a fatal part in the 
final outcome of the programme. 

‘The story of the 1924 Airship 
Programme is a classic example 
of conflicting loyalties and inter- 
ests in an enterprise already beset 
by formidable technical prob- 
lems. Among the different in- 
fluences impinging on the R101 
at Cardington were the following: 


The R101 after leng 
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(Flight) 


The R101 in its original form. 
(Flight) 


4, 


Public versus private enter- 
prise. 
Aeroplanes versus airships. 


The RAF versus the other 
Services, particularly the 
Navy (over the RAF’s survi- 
val as a separate Service). 


The politicians versus the 
Civil Service. 
The Royal Airship Works 


versus the Air Ministry (over 


. The 





thening. It is seen moored to the Cardington mast. 





control of the airship pro- 
gramme). 

Royal Airship Works 
versus Vickers (in competition 
for future work). 


. The Aeronautical Inspection 


Directorate (AID) versus the 
Department of Civil Aviation 
(over certification of civil air- 
craft). 
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There were also important 
extraneous factors, such as the 
political aspiration of Lord 
Thomson who, when made a 
peer, had added Cardington to 
his title. He also had ambitions to 
become Viceroy of India and 
clearly thought a dramatic flight 
to the sub-continent would 
strengthen his prospects. Unwise- 
ly, as it turned out, he committed 


The R101, in 
original form, on 
the — Cardington 
mast 

(Vickers) 





himself to making the trip before 
Parliament reassembled after the 
summer recess. 

The programme had called for 
both airships to be completed 





within three years. As things 
turned out, the time-scale slipped 
badly: R101, the Government 


airship, flew for the first time on 
14 October, 1929, two years late. 
R100, the private enterprise ship, 


flew two months later still on 16 
December. 

Both ships were extremely 
large, having roughly double the 
capacity of the Graf Zeppelin’s 
lifting cells (See page 163). It 
had been intended that the 
British airships would fly two 
years before the Zeppelin, in 


1927. In the event, they took so 
long to develop that they flew 





more than a year after the Ger- 
man ship. 

R101 was designed by a team 
at Cardington headed by Vincent 
C Richmond. She had a capacity 
of 4,998,501cu ft (141,542cu m) 
and was 731 ft 3in (222.88m) long 
with a maximum diameter of 
131ft 6in (40m). Of good stream- 
lined shape, she differed more 
from Zeppelin practice than any 


Dining saloon in 
R101, photographed 
in October 1929, 
(Popperfoto) 


The wreckage of 
RIO1 on the hillside 
near Beauvais on 
Sunday morning 5 
October, 1930. 

(Science Museum) 
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rigid built before or since. Her 
structure was mainly of steel (a 
60 per cent content) and featured 
triangular longitudinal members 
of stainless steel strip and bracing 
pieces of duralumin. Components 
were manufactured by Boulton & 
Paul of Norwich. Major features 
of the design were the deep main 
frames which had no wire bracing 
and the so-called parachute wir- 
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ing designed by F M Rope which 
restrained the sixteen gas cells. 
‘There were fifteen main and fif- 
teen intermediate longitudinals. 
R101 was the only rigid built in 
which the spacing of the main 
frames was different in every ba 
‘This was done to reduce the 
ations in gas cell capacity result- 
ing from the marked changes in 
cross-section along the length. 
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R100 under construction at 
Howden. 
(Vickers) 


Both ships were penalised by 
the sheer over-ambitiousness of 
the programme, but R101 in par- 
ticular suffered from this. New, 
unproven ideas were to be incor- 
porated which would provide a 
substantial technological advance. 
Inevitably, they also caused de- 
lays, shortfalls in performance 
and higher costs. Thus, both 
ships were originally intended to 
have seven 550hp engines run- 
ning on a new Ricardo hydrogen- 
kerosene system which, in the 
event, proved unworkable. 
Specially-developed — Beard- 
more Tornado III diesel engines 
were substituted in R101 (there 
were five of them) but these 
turned out to be hopelessly heavy 
and gave a maximum power of 


only 585hp when 720hp was in- 
tended. Over-ambitious standards 
of accommodation and amenity 
for 100 passengers (originally) 
and unrealistic _ payload/range 
claims were further handicaps. 
Passenger accommodation arrange- 
ments were heavier than they 
need have been. 

These factors contributed to 
the delays in the R101 pro- 
gramme. Additional causes were 
the lack of rigid airship experi- 
ence of Richmond and most of 
his team and the very natural 
caution engendered by the report 
on the accident to R38 which had 
revealed inadequacies in previous 
design practices. 

As completed and first flown, 
R101 did not approach her design 
targets. In fact, she fell so far 
short of them she could not 
achieve a worthwhile range even 
with a much reduced payload. 


— 


‘ 


This dilemma was resolved by 
lightening the ship, as far as 
possible, by letting out the gas 
cell wiring and, finally, by the 
classic method of inserting an- 
other bay which increased capac- 
ity to 5,509,753cu ft (156,020cu 
m). With these expedients, R101 
was rashly judged ready to make 
a demonstration flight to India. 
As already mentioned, Lord 
‘Thomson had committed himself 
to the trip and felt morally un- 
able to withdraw. After only one 
17-hr test flight in her definitive 
form, R101 set out with Thom- 
son and Sir Sefton Brancker, the 
Director of Civil Aviation, 
aboard. The passenger list also 
included a number of other sen- 
ior civil aviation personalities, in- 
cluding R B B Colmore, the 
Director of Airship Development, 
and Richmond, the designer. 
‘They were all among the forty- 








eight who lost their lives on 5 
October, 1930, when the airship 
hit a hillside at Beauvais in 
northern France and burned. 

The cause of the accident was 
never conclusively established. 
The official inquiry concluded 
that it was probably due to a 
large rent in the outer cover near 
the nose, causing collapse of one 
or more forward gas cells result- 
ing in a major loss of gas. In an 
exhaustive analysis, Sir Peter 
Masefield concluded that the ac- 
cident was due to a piloting error. 
However it seems quite possible 
that neither a material failure nor 
a misshandling of the controls 
was needed to cause an accident 
that dark, wet and windy night. 
Bucking a gusting —52mph 
(83km/hr) headwind and heavy 
with rain and loss of gas the 
R101 may simply have flown into 
the ridge as a result of a down- 
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draught or standing wave. 

‘Technically, the private enter- 
prise ship, R100, was superior to 
her competitor, as might have 
been expected with the design in 
the hands of Barnes Wallis who 
had had more experience of rigid 
airship design than any engineer 
outside Luftschiffbau Zeppelin. 
He was assisted by J E Temple 
and N S Norway (the author, 
Nevil Shute). 

Sensibly, R100 was closer to 
Zeppelin practice than R101, the 
only differences being that there 
were no intermediate frames or 
longitudinals and that the longi- 
tudinal members of the triangular 
girders were made of tubes 
wound and riveted from du- 
ralumin strip. The lift wiring was 
also different, being _ helically 
wound from frame to frame. The 
main weakness in the design was 
that there were over-large unsup- 
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R100 dropping ballast. The elev- 
ators are up and the ship has right 
rudder. 

(Vickers) 


ported areas of outer cover, R100 
also suffered the delays and some 
of the other penalties of her com- 
petitor, and for the same reasons. 

Without the hydrogen-kero- 
sene engines, and instead of the 
heavy diesels, R100 was powered 
by six 670hp conventional Rolls- 
Royce Condor IIB petrol en- 
gines in three  tractor/pusher 
engine-cars. By some curious 
twist of official reasoning, the pe- 
trol fuel was deemed to make her 
unacceptable for operation in the 
tropics because of the increased 
fire risk from petrol even though 
there were  5,156,000cu ft 
(146,000cu m) of highly inflamm- 
able hydrogen in her fifteen gas 
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A 1928 drawing by S W Clatworthy showing the accomodation aboard the R100 
(The Sphere) 











cells. For this reason, R100 was 
demonstrated on a flight to Cana- 
da and back, in July-August 
1930, instead of on the United 
Kingdom-India-Australia route 
for which the programme had 
been launched originally. R100 
was fast, 8Imph (36.3m/s), and 
broadly met her guarantees, but 





The lounge 
deck of R100 
seen before 
much of the 
ship’s outer 
covering was 
attached. 
(Science 
Museum) 


R100 on the 
mast at St 
Hubert, Mont- 
real, after its 
Atlantic cross- 
ing. 

(Vickers) 
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it was clear that it was not 
possible to achieve with her what 
the protagonists of the 1924 pro- 
gramme had planned. After 
R101’s_ accident, R100 was 
broken up and the British aban- 
doned rigid airships. 

Quite apart from the technical 
disappointments and_ inevitable 


failure of the 1924 programme, 
the entire episode illustrated the 
unfortunate consequences of ex- 
cessive controversy, ill-directed 
competition and unbridled per- 
sonal and partisan ambitions. 
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Royal Airship Works R101 

























































































Production 

Cin First Last 
flight flight 

R101 G-FAAW 14.10.29 28.6.30 

R101 G-FAAW 1.10.30 5.10.30 


(lengthened) 


Hours Disposal 

flown 

102hr Lengthened 

56min 

24hr Wrecked near Beauvais 
24min 5.10.30 





Royal Airship Works R101 

Manufacturer: Royal Airship 
Works 

Built at Cardington near Bedford 

Number built: one 

Chief designer: V C Richmond 

Main structural material: steel and 
duralumin 

Design began: November 1924 

First flight: 14 October, 1929 

Powerplant: five 585hp Beardmore 
Tornado III eight-cylinder inline 
diesels 

Gas capacity (100 per cent infla- 
tion): 4,998,501cu ft (141,542cu m) 
(original), 5,509,093cu ft (156,000cu 
m) (lengthened) 

Overall length: 719ft 9¥in 
(219.19m) (original), 731ft 3in 
(222.88m) (lengthened) 

Maximum diameter: 131ft 6in 
(40m) 

Spacing of main frames: variable 
Fineness ratio: 5.5 

Number of gas cells: 16 (original), 
17 (lengthened) 

Number of main longitudinals: 15 


Number of intermediate longitudi- 
nals: 15 

Empty weight: 201,590Ib (91,440 
kg) (original), 235,189lb (106,680kg) 
(lengthened) 

Typical gross lift: 
(154,280kg) (original), 
(170,040kg) (lengthened) 

‘Typical disposable load: 62,840kg 
(original), 63,360kg (lengthened) 

Maximum fuel: 65,036lb (29,500 
kg) (79,3661b/36,000kg sometimes 
quoted) 

Crew: 48 

Passengers: 50 

Maximum speed: 70mph (31.3m/s) 


340,1291b 
374,8741b 


Maximum range: 5,345 miles 
(8,600km) at speed of S8mph 
(25.9m/s) 


Cost: £527,000 


Airship Guarantee Company 
R100 
Manufacturer: Airship Guarantee 
Co Ltd 
Built at 
Yorkshire 


Howden near Goole, 





Number built: one 

Chief designer: B N Wallis 

Main structural — material: 
ralumin 

Design began: October 1924 

First flight: 16 December, 1929 

Powerplant: six 670hp__ Rolls- 
Royce Condor IIIB twelve-cylinder 
vee engines 

Gas capacity (100 per cent infla- 
tion): 5,156cu ft (146,060cu m) 

Overall length: 709ft (216.1m) 

Maximum diameter: 133ft (40.53m) 

Spacing of main frames: 40ft 
(12.2m) 

Fineness ratio: 5.34 

Number of gas cells: 15 

Number of main longitudinals: 16 

Empty weight: 235,012Ib (106,600 
kg) 

‘Typical gross lift: 350,987Ib (159,205 
kg) (1.09kg/cu m) 

‘Typical disposable load: 111,298kg 

Maximum fuel: 77,382Ib (35,100 
kg) 

Crew: 37 

Passengers: 100 

Maximum speed: 81mph (36.3m/s) 

Maximum range: 6,338 miles (10,200 
km) at speed of 68.6mph (30.7m/s) 

Cost: £471,000 


After a total of 296hr 57min flying 
time, R100 (G-FAAV) made its last 
flight on 16 August, 1930, and was 
broken up in November 1931 


du- 














Most Famous 
Airship — LZ127 
Graf Zeppelin 








After the delivery of LZ126 in 
October 1924, Hugo Eckener re- 
alised that something would have 
to be done about financing a new 
airship if the Zeppelin works 
were to survive. His task was 
eased by the Locarno Treaty of 
1925 which lifted all Allied re- 
strictions on the building of air- 
ships in Germany. In the autumn 
of that year Eckener accordingly 
launched an appeal to the Ger- 


Crew positions and passenger ac- 
commodation in the Graf Zep- 
pelin. 

(D Macpherson, courtesy The 
Sphere) 


LZ127 Graf Zeppelin with moor- 
ing lines suspended from the bow. 
(Lufthansa) 
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man public to subscribe to a fund 
(the Zeppelin-Eckener Spende), 
to pay for a new Zeppelin. Ec- 
kener and his colleagues toured 
the country lecturing on the 
possibilities and future of the 
rigid airship, and Eckener used 
all his considerable talents as a 
publicist to put the Zeppelin case 
before the general public and the 
authorities. This was not easy in 


Graf Zeppelin during 
a visit to Danzig. 
(Science Museum) 


Helpers ready to grab 
the Graf Zeppelin 
when it landed at Lon- 
don Air Park, Han- 
worth, in August 1931. 
(The Sphere) 


a country still recovering from 
defeat but, by the end of 1926, 
over two million marks 
(£880,000) had been subscribed 
and to this amount the German 
Ministry of Transport added 1.1 
million marks (£440,000) plus 
another 500,000 (£220,000) to 


cover test-flying and insurance. It 
is not clear where the remaining 
pay for 


funds required to 





LZ127’s construction came from; 
partly, it is supposed, from fur- 
ther contributions to the Spende 
and partly from the German 
Government. The airship is re- 
ported to have cost a total of six 
million marks (£2.6 million). 
Manufacture of the new Zep- 
pelin was started in early 1927. 
On the nineteenth anniversary of 
the old Count’s death, 8 July, 











1928, his daughter named the 
LZ127 Graf Zeppelin and the new 
ship made her first flight on 18 
September a 36hr endurance 
test. She was destined to become 
the most successful and the most 
famous airship ever built. During 
the following nine years she flew 
a total of 17,178 hours on 590 
flights, an average utilisation of 
about 1,900 hours a year. This 


MOST FAMOUS AIRSHIP - LZ127 GRAF ZEPPELIN 


may seem a modest performance 
compared with modern transport 
aeroplanes which commonly aver- 
age 3,000 or 4,000 hours a year 
and can remain in service for 
twenty years or more. (There are 
Douglas DC-3s in service today 
which were built forty-four years 
ago and which have flown up to 
90,000 hours.) However, Graf 
Zeppelin’s performance was high- 
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ly creditable for the time, com- 
paring well with contemporary 
aeroplanes. 

This airship was remarkable, 
not just for her distinguished 


career. She was also technically 
unique as the only rigid to oper- 
ate on a gaseous fuel. The hull 
had a total capacity of 105,000cu 
m (3,708,043cu ft) but 30,000cu 
m (1,059,440cu ft) of this was 





The Graf Zeppelin 
at Hanworth. 
(Science Museum) 


The control cabin 

of LZ127 with 

pitch control left 
and rudder control 
right. 

(Lufthansa) 
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Part of Graf Zeppelin’s dining 
saloon. 
(Luftschiffbau Zeppelin) 


LZ127 Graf Zeppelin at Recife, 
Brazil. 
(Lufthansa) 





/ 


filled with Blaugas (a fuel mix- 
ture of propylene, methane, ace- 
thane, acetylene, butylene and 
hydrogen) which was only about 
nine per cent heavier than air. Its 
consumption, therefore, had little 
effect on the ship’s disposable 
lift. The Blaugas gaseous fuel was 
contained in separate gas cells in 
the lower part of the hull, with 
the hydrogen cells above. A trian- 
gular axial girder, instead of the 


axial cable in LZ126, ran between 
the two types of cell and pro- 
vided a corridor along the centre 
of the ship. The five engines, 
in separate power-cars, 
» a developed 530hp version, 
known as the VL2, of the May- 
bachs fitted to the Los Angeles. 
Like the earlier engine, they were 
reversible. They could also oper- 
ate on either petrol or Blaugas. 
The ship was 30.5m (100ft 03/4in) 
in diameter and had a 15m frame 
spacing with seventeen hydrogen 
cells. Her length of 236.6m (776ft 
3in) and other dimensions were 
dictated by the size of the 1916 
shed at Friedrichshafen in which 
she was built. Her structure was 
basically similar to that of her 
predecessor except that an im- 
proved type of duralumin was 
used (reported to be twenty per 
cent stronger). Passengers, 20-24 
of them, were accommodated in a 
long gondola, integral with the 
control car and attached to the 
exterior of the hull. 

Graf Zeppelin seems to have 
been faster (35.6m/s; 79.6mph) 
than Los Angeles  (32.7m/s; 
73.14mph), but after her first At- 
lantic crossing in October 1928, 











Eckener went on record as saying 
that she was still not fast enough 
for a route such as the North At- 
lantic. Nevertheless, after several 
trial flights, Graf Zeppelin oper- 
ated a regular service each sum- 
mer season from 1932 to 1937 to 
South America. (See Appendices 
3 and 8) 

After her first North Atlantic 
return flight which turned out to 
be a highly profitable enterprise, 
paid for by revenue earned from 
press concessions, a special air- 
mail and a few passengers at pre- 
mium fares, Graf Zeppelin was 
used for a series of other special 
flights planned by Eckener to pay 
for themselves and, at the same 
time, give maximum publicity to 
rigid airships. These flights in- 





cluded a number to South 
America (before the scheduled 
service was started), flights 


around Spain and to other parts 
of Europe, one to the Middle 
East, an extended cruise in the 
Arctic, and a trip round the 
world with stops at Tokyo, Los 
Angeles and Lakehurst. 
Altogether, Graf Zeppelin be- 
came a familiar sight around the 
world in the later 1920s and early 
1930s, either in the headlines or 
actually flying overhead. She was 
withdrawn from service in June 
1937 after the Hindenburg disaster 
had convinced the Zeppelin com- 
pany that scheduled passenger 
services should not continue 
without non-inflammable helium. 
The Graf Zeppelin was not de- 
signed for the safer gas, even if it 
had been available to Germany, 
which it was not. (Helium could 
only be extracted from natural 
gas in the United States, and the 
Americans for strategic reasons 
were not prepared to export it.) 
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Graf Zeppelin’s 
Arctic Flight 


North Pole 


Spitzbergen 













Arkhangel’sk 





Moscow® 








Therefore Graf Zeppelin was 
honourably retired and was fi- 
nally broken up in May 1940 in 
the operating hangar at Frank- 
furt-am-Main which had been 
used by Hindenburg for the North 
Atlantic service. Graf Zeppelin, 


which was registered D-LZ127 
and operated with the radio call 
sign D-ENNE, flew well over a 
million miles and made 144 ocean 
crossings. 





Zeppelin LZ127 Graf Zeppelin 
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Graf Zeppelin’s Round-the-World Oe 


afGos Angeles 














Zeppelin LZ127 Graf Zeppelin 
Manufacturer: Luftschiffbau Zep- 
pelin GmbH 
Built at Friedrichshafen 
Number built: one 
Chief designer: L Darr 
Main structural material: du- 





ralumin 

Design began: January 1927 

First flight : 18 September, 1928 

Powerplant: five 530hp Maybach 
VL2 twelve-cylinder vee engines 

Gas capacity (100 per cent infla- 
tion): 75,000cu_m (hydrogen) and 
30,000cu m (Blaugas) 

Overall length: 236,6m 

Maximum diameter: 30.5m 

Spacing of main frames: 15.0m 

Fineness ratio: 7.25 

Number of gas cells: 16 

Number of main longitudinals: 17 

Number of intermediate longitudi- 
nals: 11 

Empty weight: 67,100kg 

‘Typical gross lift: 87,000kg 
(1.16kg/cu m) 

‘Typical disposable load: 19,900kg 

Maximum fuel: 8,000kg (petrol) 
and 30,000cu m (Blaugas) 

Crew: 36 

Passengers: 20 























Maximum speed: 35.6m/s (79.6 
mph) LS 
Maximum range: 10,000km at 
speed of 32.5m/s (72.7mph) 

Cost: DM6,000,000 


LZ127 made her last flight on 19 
June, 1937, after accumulating a total 
of 17,178 flying hours. She was 
broken up in May 1940 


Knud Eckener, son of the famous 
Zeppelin commander, climbing from 
an engine car of Graf Zeppelin 
when a fuel tank had to be repaired 
off Madeira in October 1928 on 
the ship’s first Atlantic crossing. 
(The Sphere) 


ae: 

















Last American 
Rigids — Akron 
and Macon 








After R101's accident in October 
1930, R100 was scrapped and 
British official interest in airships 
ended. Meanwhile, the Ameri- 
cans were also embarking on a 
final fling with large rigid air- 
ships. In 1923, following the 
American order for LZ126, the 
Goodyear Company entered into 
negotiations with Luftschiffbau 
Zeppelin to acquire design infor- 
mation on rigid airships that 
would enable it to develop new 
large rigids to meet the require- 
ments of the United States Gov- 
ernment. An agreement was 
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finalised in the autumn of 1923 
whereby a team of Zeppelin de- 
sign engineers, under Dr Karl 
Arnstein, went to the United 
States to work for a new joint 
American-German company which 
was named the Goodyear-Zep- 
pelin Corporation. Arnstein had 
been chief designer at Zeppelin 
under Durr, from 1915, and in 
this capacity had been responsible 
for the design of seventy Zep- 
pelins. Negotiations with the 
United States Government dur- 
ing the later 1920s, including a 
design competition, led to a con- 
tract being signed on 6 October, 
1928, for the development by 
Goodyear-Zeppelin of two new 
6,850,000cu ft (193,970cu m) rig- 
ids for the Navy. These ships 
were to be built in a large new 
construction hangar specially 
erected in Akron, Ohio, in 1929. 

In October 1928 work began 
on the first of the two ships, 
ZRS4, later named Akron. She 


was completed within three years 
and was first flown on 25 Sep- 
tember 1931, about a year after 
termination of the British airship 
programme. 

ZRS4 benefitted enormously 
from her Zeppelin background. 
Combined with the fact that she 
was designed in the sure know- 
ledge that she would be inflated 
with helium, this made possible a 
number of radical innovations in 
design which, unlike some of 
those tried in the British ships, 
were firmly based on an adequate 
background of overall rigid air- 
ship design experience. 

Perhaps the most important of 
these was the installation of the 
eight 570hp German Maybach 
VL2 engines within the hull 
structure and the use of swivell- 


The US Navy’s ZRS4 uss 
Akron. 
(US Navy) 
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The first gas cell of Akron being 
tested in the airship’s first section 
of framework on 26 June, 1930. 
The balloon on the right was used 
by Goodyear-Zeppelin pilot Ward 
T Van Orman to win several races 
for the James Gordan Bennet cup. 


ing propellers which were re- 
motely driven by shafts. By en- 
closing the engines within the 
hull, Arnstein was able to save 
weight and cut external excres- 
cences to a minimum; they were 
reduced in effect to a small con- 
trol-car, to the propeller mount- 
ings and to the semi-cantilever 
tail surfaces. The Zeppelin engin- 
eers had studied internal engine 
installations, as well as super- 
charged engines and variable- 
pitch propellers, towards the end 
of the First World War but had 
not adopted them then because of 
weight penalties associated with 


fire precautions, essential if en- 
gines were to be permitted within 
a hull filled with hydrogen. 
Later, Zeppelin did not introduce 
internal engines in Hindenburg or 
Graf Zeppelin II, even though 
both these ships were intended to 
use helium, because there was al- 
ways some doubt about the avai- 
lability of the gas. Without 
helium, had these ships had in- 
ternal engines, major re-design 
and re-construction would have 
been necessary, since the Ameri- 
cans did, in the event, refuse to 
supply the gas. 

Like R101, the two big Ameri- 
can ships had deep main frames 
without wire bracing, the gas 
cells being restrained in the plane 
of the frames by ‘elastic’ bulk- 
heads. These ships therefore rep- 
resented a radical departure by 
Arnstein and his colleagues from 
classic Zeppelin practice. There 
were twelve gas cells made of cot- 








ton with a gelatine-latex elas- 
tomer. Akron had half her cells 
and Macon all of hers in the new 
material. The eleven main frames 
were spaced 74ft (22.5m) apart 
over a major part of the length 
with shorter bays at bow and 
stern. There were three inter- 
mediate frames in each bay. No 
less than thirty-six longitudinals 
gave the cotton cloth outer cover 
a good shape. Finally, the fins 
were attached to two main frames 
at the tail without the carried- 
through cruciform girder pre- 
viously used, 

Use of swivelling propellers 
was one of the most interesting 
and, perhaps, the most unex- 
pected of the American innova- 
tions. As already recorded, the 
British tried them on their ear- 
liest rigids and had then aban- 
doned them. Zeppelin never used 
them at any time, although they 
must obviously have — studied 








them. Presumably their adoption 
for the new American ships indi- 
cates that the United States’ ex- 
perience with Shenandoah and 
Los Angeles had persuaded the 
US Navy that swivelling propel- 
lers could offer something of 
their undoubted theoretical ad- 
vantages. This must have been 
confirmed by early flying experi- 
ence with ZRS4, otherwise this 


ZRS5 USS Macon being moored to 
a short mast. 
(Goodyear-Zeppelin) 
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feature would not have been re- 
peated in her sister-ship, ZRSS5, 
later named Macon, first flown on 
21 April, 1933, less than three 
weeks after her sister-ship was lost. 

These last two United States 
rigids each survived in service for 
less than two years. Akron was 
lost on 4 April, 1933, in weather 
conditions apparently not greatly 
different from those which caused 
the loss of a number of earlier 
rigids. She was driven uncon- 
trollably into a rough sea in 
stormy weather and all but three 
of her crew of seventy-six lost 


their lives. Macon suffered struc- 
tural failure on 12 February, 
1935, and also came down in the 
open sea but, in her case, only 
two lives were lost. The cause of 
the accident was apparently a de- 
sign defect in the tail unit, a sur- 
prising cause when her Zeppelin 
background of good structural in- 
tegrity is remembered. 

Akron and Macon were the 
fastest rigids ever built (84mph; 
37.6m/s) and were intended to 
operate with the fleet in the open 
Atlantic and Pac ‘They did, in 
fact, take part, with limited suc- 
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A Curtiss F9C-2 Sparrowhawk 
about to hook on to the USS 
Macon, Eight Sparrowhawks were 
built for these experiments and one 
is now on display at the National 
Air and Space Museum in Wash- 
ington. 

(US National Archives) 


Dr Karl Arnstein joined Luft- 
schiffbau Zeppelin in 1915, emi- 
grated to the United States in 
1924 and was responsible for the 
design of Akron and Macon. 
(Goodyear) 


cess, in a number of exercises 
during their short careers. 

A major new tactical concept 
was involved in the use of these 
two ships. They were employed 
as aircraft carriers, as had first 
been suggested by H G Wells in 
his 1907 novel, The War in the 
Air. For this purpose they had 





bs 


small hangars within their hulls, 
capable of housing three or four 
fighter aircraft each. The equip- 
ment and techniques to make this 
possible derived from the earlier 
tests with Los Angeles and proved 
to be entirely satisfactory. The 
aeroplanes were used primarily 
for reconnaissance but could also 











have made dive-bombing attacks 
on surface forces. They would, if 
necessary have been able to de- 
fend their parent ship against air 
attack. 

In the end, these interesting 
tactical possibilities never came to 
anything because of the loss of 
both airships. They were, in any 
case, overtaken by events. Even 
had Akron and Macon survived, 
it is unlikely that they would 
have been of any use in the Sec- 
ond World War in the role pro- 
posed. The capabilities of carrier- 
based and long-range shore-based 
aeroplanes increased so enor- 
mously as the war progressed that 
large rigid airships, even with a 
few defensive fighters, could not 
have long survived anywhere near 
a hostile surface aircraft carrier or 
within reach of long-range shore- 
based aeroplanes. Small pressure- 
airships were a more economical 
solution to the inshore patrol re- 
quirements for the North Ameri- 
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Goodyear-Zeppelin ZRS4 Akron 

































































can continent and there was 
therefore no suggestion that fur- 
ther rigids should be built for the 
latter purpose. 

Thus the later 1930s saw the 
majestic rigid finally pass from 
the scene. For military as for 
peaceful purposes her day was 
done. As Count Zeppelin had 
foreseen in 1917, the aeroplane 
controlled the air. 

A footnote to the story of 
Macon was added in the first half 
of 1990 when US Navy scientists 
in a small deep-diving submarine 
located the wreck of the airship at 
a depth of about 1,500ft off Point 
Sur about 100 miles south of San 
Francisco. At least two of the 
Macon’s four fighter aeroplanes 
were found to be intact. 


Goodyear-Zeppelin ZRS4 
Akron 


Manufacturer; Goodyear-Zeppelin 
Corporation 

Built at Akron, Ohio 

Number built: two 

Chief designer: K Arnstein 

Main structural material: 
ralumin 

Design began; October 1928 

First flight of type: 25 September, 
1931 

Powerplant: eight 570hp Maybach 
VL2 twelve-cylinder vee engines 

Gas capacity (100 per cent infla- 
tion): 6,850,000cu ft (193,970cu m) 

Overall length: 785ft (239.3m) 


du- 


Maximum diameter: 132ft 11in 
(40.5m) 

Spacing of main frames: 74ft 
(2.5m) 


Fineness ratio: 5.9 
Number of gas cells: 12 
Number of main longitudinals: 36 
Number of main frames: 11 
Empty weight: 244,713Ib (111,000kg) 
Typical gross lift: 461,207Ib 
(209,200kg) (helium) (1.079kg/cu m) 





Admiral William A Moffett 
USN, played a major role in 
United States airship development, 
was three times Chief of the 
Bureau of Aeronautics, and was 
killed in the Akron crash. 
(Goodyear) 





sable load: 98,200kg 
124,0101b 


Typical dispa 
Maximum fu 

(56,250kg) 
Crew: 60 
Maximum speed: 84mph (37.6m/s) 








Vice Admiral Charles E Rosendahl 
USN (1892-1977), one of the 
great names in United States air- 
ship history. As Lieut Cmdr, 
Rosendahl was the senior officer on 
the Shenandoah when its bow sec- 
tion free ballooned for about 2hr 
after the ship crashed. He was 
commander of the Los Angeles 
and was commander at Lakehurst 
on the night the Hindenburg was 
destroyed. 

(Goodyear) 


Maximum range: 8,990-11,000km 
at speed of 53.23mph (23.8m/s) 

Cost: US$5,375,000 (ZRS4), 
US$2,450,000 (ZRSS5) 





Production 
Cin First Last 
flight flight 
ZRS4 Akron 25.9.31 4.4.33 
ZRSS Macon —21.4.3312.2.35 


Hours Disposal 

flown 

1,695 Wrecked at sea 

1,798 Wrecked at sea: structural 


failure 
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The Last 
Zeppelins — 
LZ129 
Hindenburg and 
LZ130 

Graf Zeppelin II 








Not long after the completion of 
the original Graf Zeppelin in Sep- 
tember 1928, Luftschiffbau Zep- 
pelin started work on a second 
airship to supplement her in 
scheduled service on whichever 
routes were finally selected as the 
most suitable. The new ship, 
named LZ128, was to have had 
a capacity of 155,000cu m 
(5,473,778cu ft) with a diameter 


of 39m (127ft 11%in) and a 
length of 232m (761ft). Eight 
500hp Maybach VL2 engines in 
four gondolas were to have run 
on Blaugas. They would have 
given a speed of 35.8m/s 
(80mph). Accommodation was to 
have been provided for thirty to 
thirty-four passengers in two 
groups of cabins within the hull. 
After the disaster to the British 
rigid R101 at Beauvais on 5 Oc- 
tober, 1930, the Germans decided 
that their new ship must be in- 
flated with helium and should 
have diesel engines running on 
heavy oil which is less inflamm- 
able than petrol. Assembly of 
LZ128 was delayed, awaiting 
completion of a new, larger as- 
sembly hangar which was under 
construction at Friedrichshafen in 
1930-31. (The old 1916 shed, 
used for LZ127, was too small for 
LZ128). A new airship design, 
LZ129, was therefore decided 
upon in 1931 and construction of 
this revised ship began in the 











LZ129 Hindenburg bearing the 
registration D-LZ129 and the 
Olympic Games symbol — they were 
held in Berlin. 

(Luftschiffbau Zeppelin) 


new building as soon as it was 
completed. ‘he new shed had 
been paid for, partly by the State 
of Wiurttemberg and partly by 
the German Government which 
is also thought to have put up the 
DM9 million (£3.4 million) 
which the ship herself cost. 
LZ129 was designed initially 
for helium in the hope that the 
United States, which had a com- 
plete monopoly of the gas at the 
time, would make it available. In 
the event they refused to supply 
it, believing — probably justifiably 
— that it was of strategic value 
and could be used for military 
purposes. LZ129 had, therefore, 
to revert to hydrogen, with fatal 
results, the design being adapted 
to this lifting agent from an early 
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View from the rear of LZ129 under construction. Part of the tailplane spar can be seen on the right, the tail 
cone stands vertically on the left, with work in progress on the rudder post in the foreground. With the complex- 
ity of the structure, the close attention being shown to the drawings is not surprising. (Luftschiffbau Zeppelin) 
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stage. New diesel engines, the 
1,200hp Maybach ~—L-O-F6 
(which were later known as the 
Daimler-Benz DB 602), were 
specially developed for the ship 
and, in due course, proved highly 
successful, offering a significant 
saving in fuel weight and cost. 
Although substantially larger, 
originally to allow for the lower 
lifting power of helium, LZ129 
inherited many features from 
LZ128. Diameter was increased 
to 41.2m (135ft 2in) and length to 
245m (803ft 9!1/oin), raising 
the capacity to 200,000cu_ m 
(7,062,900cu ft), but the main 
frame spacing remained at 15m, 
divided by two intermediate 
frames as it had been ever since 
the war. The usual triangular gir- 
ders had corner booms of omega- 
section instead of the previous 
open channels. The hull was of 
good streamlined shape, un- 
marred by the passenger accom- 
modation (now for fifty) which 
was kept within the hull. A small 





The size of LZ129 is apparent in this view of the ship under construction. 
(Luftschiffbau Zeppelin) 


Dining saloon of LZ129. Dr Hugo Eckener is indicated by the arrow. 
(Popperfoto) 
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control car, four engine-gondolas 
and the cruciform tail unit were 
the only major external excres- 
cences. The appearance of the 
hull was improved by the use of a 
larger number of longitudinals 
than in previous Zeppelins, a 
change previously introduced by 
Goodyear-Zeppelin in the last 
American rigids. LZ129 had no 
less than thirty-six main and in- 
termediate longitudinals com- 
pared with twenty-eight in Graf 
Zeppelin. Other features included 
a central corridor keel and two 
side corridors level with the en- 
gine-cars. There was also a corri- 
dor in the axial girder which 
passed through the centre of the 
gas cells. The sixteen cells were 
made of a new material, a gelatin- 








oid film, which was claimed to be 
superior to skinned fabric. 
Hindenburg, as LZ129* was 
named, when she made her first 
flight on 4 March, 1936, proved 
to be fast: 37.5m/s (83.88mph). 
Filled with hydrogen, she had a 
formidable range: —14,000km. 
(8,700 miles) in still air with 
19,000kg (41,8881b) of payload 
and 10,000kg (22,046Ib) of bal- 
last. In 1936 she operated suc- 
cessfully on both the South 
Atlantic route, alongside the old 
Graf Zeppelin, and on the North 
Atlantic. She had only just re- 
sumed the service for the 1937 
season when she was destroyed in 
a disastrous hydrogen fire while 


* Tt was registered D-LZ129 and used radio call 
sign D-EKKA 
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landing at Lakehurst on 6 May, 
1937. This was dramatically 
filmed by a news-reel camerman 
who happened to be reporting on 
her arrival. 

There has been much specula- 
tion about the cause of the fire 
which probably due to a 
static discharge. However, specu- 
lation is pointless. There was 
ready ample evidence, from 40 
years of operations with rigids, 
that hydrogen was too dangerous 
to be trusted. If Hindenburg and 
her almost identical sister-ship, 








LZ129 Hindenburg leaving the 
shed at Frankfurt-am-Main. The 
site was within the boundaries of 
the present airport. 

(Lufthansa) 
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Partly sectioned drawing of the LZ129/130 type with perspective of accommodation 
(Max Millar courtesy of Flight) 
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Further structural detail of the LZ129/130 type with inset showing gas cells. 
(Courtesy Flight) 
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Graf Zeppelin II, had been able 
to operate as intended, with he- 
lium, they would probably have 
continued to fly safely, if less 
economically, until the outbreak 
of the Second World War. But 
that would have made little dif- 
ference. The day of the rigid air- 
ship was already passing. Use of 
helium would have made the 
Zeppelins safer but would have 
gravely prejudiced their economy 
of operation, (See Note 22). It 
would not have affected their sur- 
vival against the aeroplane in any 
wartime role, 

Hindenburg was probably able 
to operate without losing money 
because of the high fares and load 
factors prevailing on the North 


The noise level in an LZ129 engine 
car is dramatically emphasized in 
this picture. 

(Luftschiffbau Zeppelin) 


The end of the rigid airship. The 
destruction by fire of the Hinden- 
burg at Lakehurst on the first 
crossing of the 1937 season. 
(Popperfoto) 
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Atlantic, particularly after she 
had been modified to carry 
seventy-two passengers during her 
second season (See Appendix 2). 
However, neither she, nor indeed 
any later rigid, could hope to 
compete much longer with the 
rapidly developing aeroplane. By 
the end of the Second World 
War, the rigid’s day had gone for 
ever, 

LZ130, named Graf Zeppelin 
IT, flew for the first time on 14 
September, 1938, more than a 
year after the Hindenburg disas- 
ter. She was closely similar to her 
predecessor, the most obvious 
difference being that the four 
Daimler-Benz DB 602 diesels 
were arranged to drive tractor 
airscrews instead of pushers. 
Lightened by several tons, com- 
pared with Hindenburg, the ex- 
pectation was that, filled with 
helium, she would be able to 
carry forty passengers across the 
Atlantic. This was not to be. 
With only a year to go before war 
would again engulf Europe, Graf 
Zeppelin II was taken over by the 


German authorities for  ex- 


perimental purposes. Nine of the 
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The Hindenburg’s track on its landing approach to Lakehurst on 6 May 
1937 (local time), 7 May (GMT). 


LZ130 (D-LZ130) Graf Zeppelin (11) leaving its shed. 
(Lufthansa) 
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Zeppelin LZ129 Hindenburg 

























































































thirty flights she made during her 
brief career were on what would 
now be called electronic recon- 
naissance, probing the pioneer 
radar defences of the British Isles 
in which the Germans had good 
reason to be interested. 

Like her older and more fa- 
mous namesake, Graf Zeppelin II 
was broken up in the Frankfurt 
hangar in May 1940. She thus 
passed into history — the last of a 
famous line. 


Zeppelin LZ129 Hindenburg 

Manufacturer: Luftschiffbau Zep- 
pelin GmbH 

Built at Friedrichshafen 

Number built: two 

Chief designer: L Durr 

Main structural material: —du- 
ralumin 

Design began: October 1931 

First flight of type: 4 March, 1936 

Powerplant: four 1,050hp Daimler- 
Benz DB 602 sixteen-cylinder vee 
diesel engines 

Gas capacity (100 per cent infla- 
tion): 200,000cu m 

Overall length: 245.0m 

Maximum diameter: 41.2m 

Number of frames: 48, including 





16 main frames 
Spacing of main frames: 15,0m 
Fineness ratio: 6.02 
Number of gas cells: 16 
Number of main longitudinals: 32 
Empty weight: 130,000kg 
‘Typical gross lift: 232,000kg (hy- 

drogen) (1.16kg/cu m) 

‘Typical disposable load: 102,000kg 

Maximum fuel: 65,000kg 

Crew: 40 

Passengers 50, later 72 

Maximum speed: 37.5m/s (83.88 
mph) 

Maximum range: 16,500km at 
speed of 34.7m/s (77.62mph) 

Cost: DM9,000,000 





Production 


LZ129 Hindenburg 


Disposal 


Burned, landing at 
Lakehurst 
Broken up, May 1940 
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The last Zeppelin - LZ130 Graf Zeppelin (11) in 1938. (Luftschiffbau Zeppelin) 
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Notes 








Note 1 

In order to provide an approximate 
indication of the relative worth of the 
money values quoted, these are first 
given in then contemporary values in 
the appropriate local currency  fol- 
lowed by a computed, approximate 
present-day equivalent, in brackets. 
‘The latter have been calculated by 
converting first into sterling, at the 
then prevailing rate of exchange and 
then correcting for the present-day 
purchasing power of the pound. 


Note 1A, 

The typical gross lift given for each 
airship in the data tables derives from 
its gas capacity, In Germany, a thou- 
sand cubic metres of hydrogen was 
assumed to lift 1,160kg. In the 
United Kingdom, this figure was 
1,090kg, while in the United States 
1,000cu m of helium was assumed to 
lift 1,079kg. As an example of how 
this worked in practice, the 31,900cu 
m gas capacity of the German naval 
airship L10 gave a gross lift of 31,800 
multiplied by 116/199) or 37,000kg. 
As L10 had an empty weight of 
20,800kg, its disposable lift was 
37,000 minus 20,800kg, in other 
words 16,200kg. Of this, the fuel for 
maximum range weighed 4,800kg, 
leaving sufficient lift for 11,400kg of 
payload and ballast (typically as- 
sumed to be about four per cent of 
the gross lift). 


Note 2 
First balloon ascents (See page 10) 


Note 3 

It was the brothers, Anne-Jean 
(1758-1820) and Marie-Noel Robert, 
who devised the balloon envelope 
material. The Roberts were suppliers 
of scientific equipment and apparent- 
ly ran a discreet but lucrative side- 
line in the then illegal manufacture of 
contraceptives. It seems that the ma- 
terial used for their product, rub- 
berised silk, known as lawn, lute- 
string or lustring, proved to be the 
solution to the previously intractable 


envelope problem. This impermeable 
material, developed by an artisan 
named Bernard, was said to be pro- 
duced by impregnating a sturdy taffe- 
ta (a plain-weave, silk fabric) with a 
solution of rubber in turpentine, a 
gomme élastique or india rubber. 

Similar, but heavier, material was 
already in use for umbrellas but an- 
other thirty-five years were to pass 
before Syme and Mackintosh intro- 
duced even heavier rubberised cloth 
for waterproof garments. 

The Roberts’ part in the invention 
of the hydrogen balloon is an interest- 
ing illustration of the factors which 
can influence recorded history. Their 
involvement was played down in con- 
temporary accounts and there is even 
uncertainty about which of the two 
brothers accompanied Charles on the 
historic first flight. Perhaps the Ro- 
berts were not given due recognition 
at the time because of the nature of 
their illegal and indelicate business. 
No doubt their inferior social status 
as tradesmen also counted against 
them. Today their unique technical 
contribution is clear. 


Note 4 

Goldbeaters’ skins are normally quite 
small, varying in size from 22cm 
(81/2in) by 28cm (1lin) to 100cm 
(391/3in) by 25cm (10in). However, 
with the right process they can be 
over-lapped in one or more thick- 
nesses so that they ‘grow’ together to 
form a homogeneous envelope ma- 
terial that is remarkably gas-tight. 


Note 5 
The British Army’s adoption in 1883 
of goldbeaters’ skin for its balloon 
envelopes resulted from an initiative 
taken by Captain (later Colonel) 
James L B Templer who was then in 
charge of the Army Balloon Factory 
at Chatham. The factory later moved 
to Aldershot then to Farn- 
borough where it provided the orig- 
ins of the Royal Aircraft Factory 
(later Royal Aircraft Establishment 
and, now, Royal Aerospace Estab- 
lishment). 

Goldbeaters’ skin derives from the 
interior membrane of the caecum or 


and 


blind gut (cul-de-sac) in the large in- 
testine of the ox and had been used 
for some years for toy balloons and as 
contraceptive sheaths. Attempts had 





been made during the nineteenth 
century to use the skins to make full- 
size balloon or airship envelopes. To 
do this effectively, however, a process 
was needed whereby the small skins 
could be stuck together, thus provid- 
ing a sufficiently strong and light 
material which was also exceptionally 
impervious to hydrogen. 

In 1881, Walter Powell, Conserva- 
tive Member of Parliament for Mal- 
mesbury in Wiltshire, discovered an 
Alsatian family, named Weinling, in 
the East End of London who spe- 
cialised in processing goldbeaters’ 
skins and, in particular, knew a secret 
technique of sticking together one or 
more layers to form a single homo- 
geneous sheet. 

Powell was a friend of Templer 
and, like him, an enthusiastic bal- 
loonist. Powell financed the manufac- 
ture, by the Weinlings of a 
goldbeaters’ skin balloon for the 
Army. It was to be named Heron and 
was to have a capacity of 10,000cu ft 
(283cu m). The project ran into diffi- 
culties in December 1881 when Po- 
well was swept out to sea and 
drowned while on a balloon trip with 
‘Templer from Bath. Templer then 
obtained the War Office’s permission 
to take over the balloon’s manufac- 
ture and to complete its erection in 
an old, covered-in ball-court in St 
Mary’s Barracks in Chatham. 

Further delay occurred when the 
elder Weinling was jailed for three 
months for assaulting the local police. 
His mother, who apparently ran the 
family business, was most reluctant 
to allow two sappers to take over the 
work in his absence because they 
would learn the secret process. In the 
end, the Government resolved the 
difficulty by bringing the Weinlings 
into their own employ and moving 
the final assembly of the balloon to 
Chatham. The work was completed 
by the end of 1883 and Heron proved 
such a success that the Army stand- 
ardised on goldbeaters’ skin balloons 
two years later. Italian hemp was se- 
lected at the same time for nets and 
rigging. These developments meant 
that 
though much more expensive, were 
stronger, lighter and less 
subject to loss of gas than their equiv- 


British military balloons, al- 
smaller, 


alents abroad. A diminishing team of 
Weinlings — there had originally been 








seven — continued to be employed in 
the manufacture of goldbeaters’ skin 
envelopes at the Balloon Factory for 
the following thirty years, 

In 1888, five years after the above 
events, ‘Templer was court-mar- 
tialled, but acquitted, for allegedly 
having leaked the secrets of goldbeat- 
ers’ skin balloons to the French. Un- 
daunted, he continued to be the 
leading figure in British military 
aeronautics until his retirement eight- 
een years later. 


Note 6 

Caquot kite-balloons, designed by the 
Frenchman Albert Caquot (1881- 
1976), or similar types, were univer- 
sally adopted by all belligerents from 
1916. Caquot balloons could be flown 
satisfactorily in winds of up to 30m/s 
(67mph) whereas the earlier Drachen 
was acceptable as a stable observation 
platform only in winds of up to 8m/s 
(18mph). It was however claimed 
that a spherical captive balloon could 
be used, although with great diffi- 
culty, in winds as high as 13m/s 
(29mph). 


Note 7 
The two fatal airship accidents over — 
or near ~ Paris in 1902 involved Au- 
gusto Severo in the Pax on 12 May 
and Ottokarde Bradsky on 13 Oc- 
tober. 


Note 8 

‘The low cruising speeds of pressure- 
airships ~ 15.6 to 20.1m/s (35 to 
45mph) — are inadequate for cross- 
country flying because of high aver- 
age wind speeds __ experienced 
world-wide, For example, at low le- 
vels over the North Atlantic, the in- 
cidence of high winds is as follows: 


Per cent of occasions Wind exceeds 
50 11.2m/s (25mph) 
20 17.7m/s (40mph) 


25.7m/s (57mph) 


Thus, on an average of six days a 
month, the wind speed will exceed 
17.7m/s (40mph). This means that 
the airship will be unable, on those 
days, to make any significant progress 
to windward. As another example, 
over the North Sea on average: 


3 days in 4 (75 per cent), the wind 
exceeds 5.1m/s (11.4mph) 


1 day in 3 (33 per cent), the wind ex- 
ceeds 10.3m/s (23mph) 

1 days in 8 (13 per cent), the wind 
exceeds 15.4m/s (34.5mph) 

1 day in 50 (2 per cent), the wind ex- 
ceeds 20.5m/s (45.85mph) 


Winds over land are less strong than 
over the sea but not sufficiently so to 
invalidate the above conclusions. For 
example, wind speeds at ground level 
in Paris have been measured as fol- 
lows: 


Days in the year Possibility of wind 
exceeding 
Sm]s (11.18mph) 
10m/s (22.36mph) 
15m/s (33.5mph) 
20m/s (44.73mph) 
25m/s (55.92mph) 
2. (0.5 per cent) 30m/s (67.1mph) 


At the top of the Eiffel Tower 
(315m, 1,033ft) winds are, on aver- 
age, four times those at the base 


248 (68 per cent) 
109 (30 per cent) 
42 (11 per cent) 
15 (4 per cent) 

7 (2 per cent) 


Sources: LS Sazerac de Forge, La 
Conquéte de l’Air. 
A Hildebrandt, Airships 
Past, Present and Future. 
A Berget, Conquest of the 
Air, 


Note 9 
‘The term gas bag was usually used in 
England. 


Note 10 

Count Zeppelin made his first ascent 
in a (captive) spherical balloon while 
at Fort Snelling in St Paul, Minneso- 
ta, on 18 August, 1863. At the time 
he was on a visit to the United States 
as a foreign military observer during 
the American Civil War. 


Note 11 

Schwarz is believed to have built his 
two airships out of un-alloyed alumi- 
nium components, supplied by Carl 
Berg, the aluminium manufacturer. It 
is however possible that he used a 
‘Viktoria’ alloy of unknown composi- 
tion. Zeppelin, on the other hand, 
probably on the advice of Berg, 
adopted a zinc-aluminium alloy 
which was sometimes referred to as 
‘hard aluminium’. Zeppelin apparent- 
ly continued with this material until 
1914 when he changed to duralumin, 
an age-hardened alloy of aluminium 
which had been discovered by Alfred 
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Wilm in Germany in 1908 and which 
became commercially available late in 
1909, At that time duralumin was be- 
tween two-and-a-half and five times 
as strong as aluminium for the same 
weight. It was adopted by Vickers for 
Mayfly in 1910 despite the fact that 
it was difficult to manufacture in the 
sections required for airship girders 
and had been initially rejected by 
Zeppelin for this reason. By 1914 ac- 
ceptable duralumin components were 
available and proved superior to mag- 
nesium alloys which were considered 
as alternatives. Duralumin, in im- 
proved forms, continued to be used 
for rigid airships although wolfra- 
nium, an aluminium-tungsten alloy, 
which had similar characteristics to 
duralumin, was thought to be a 
possible alternative at one stage in the 
early 1920s. 


Note 12 
The City of Glendale was built by the 
Slate Aircraft Company of Glendale, 
California, between 1927 and 1931. It 
was a metal-clad airship, more than 
half as large again as the ZMC-2. Ca- 
pacity was 330,000cu ft (9,345cu m) 
and length 212ft (64.6m). It was 
flown briefly as a tethered balloon 
without its steam powerplant in 1929 
and 1931. 


Note 13 

Because of the limitation imposed on 
airships flying from a base at high 
elevation, it is remarkable that the 
most important development of the 
rigid should have been at Manzell 
and Friedrichshafen which are at 
about 400m (1,300ft) above sea level. 
The lift of an airship is governed by 
its pressure height, the height at 
which its gas containers are com- 
pletely distended (as height or tem- 
perature increases) and above which a 
loss of gas occurs. It is, of course, 
possible to leave the ground with 
cells full, but gas will blow off as the 
ship ascends to its chosen operating 
height. Loss of gas means loss of lift 
when the airship returns below the 
greatest height reached. This can be 
compensated by various factors, such 
as consumption of fuel, use of dy- 
namic lift, superheating of the gas, 
changes in barometric pressure or 
discharge of ballast. But, on average, 
these also bring penalties. For this 
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reason, to obtain maximum pay- 
load/range (and lowest operating cost) 
it is usually important to operate air- 
ships as low down as possible, and it 
was normal practice in all flying 
greater heights could be 
avoided to try to keep below a press- 
ure height of, say, 200 or 300m (650: 
1,000ft). Operating from Lake 
Constance at 400m, the Zeppelins 
suffered an unavoidable penalty in 
their payload/range capabilities be- 
cause their pressure heights had to be 
that much higher than if they had 
been taking off at sea level. 


where 


Note 14 
Apparently, before the new girder in 
zinc-aluminium alloy was incorpor- 
ated in Deutschland, the Zeppelin en- 
gineers had done a good deal of work 
studying alternatives. Press reports in 
1909 spoke of a new magnesium alloy 
called Elektron or Elektrometall but 
there is no evidence that it was ever 
used by Zeppelin. When the zinc- 
aluminium alloy was abandoned, it 
was replaced by an early type of du- 
ralumin. 


Note 15 

Barnes Wallis seems to have got the 
idea of his geodetic aeroplane struc- 
tures from a French designer of the 
early 1920s, rather than from an air- 
ship precedent such as the Schitte- 
Lanz S.L.1 or the MacMechan. The 
fuselage structure of the Latécoére 6 
bomber (exhibited at the 1921 Paris 
Salon) had a metal skin over a metal 
geodetic framework making it ob- 
viously too heavy. Wallis dispensed 
with the metal skin and substituted 
fabric for the covering as suggested 
by C G Grey, editor of Jane’s All the 
World’s Aircraft in the 1923 issue of 
that annual. A greatly improved met- 
al framework then carried all the 
loads. This proved quite effective in 
the Vickers Wellington bomber of the 
Second World War, of which more 
than 11,000 were built. However, 
there was less ‘learning’ in this form 
of manufacture so that the production 
manhours of the Wellington 
mained higher than an equivalent 
conventional stressed-skin all-metal 
structure. This fact was clearly not 
appreciated by the Vickers directors 
when they decided to build the Well- 
ington incorporating Wallis’s geode- 





re- 


tics. If a conventional structure had 
been used, more aircraft could have 
been produced for fewer manhours. 


Note 16 

Types of ammunition used by the 
Royal Flying Corps, Royal Naval Air 
Service and Royal Air Force. 


SPK Mk.7T (Sparklet) — approved 
for RFC, 7/16. Tracer ammunition 
used one to three ordinary bullets. 


Buckingham incendiary. Invented by 
J F Buckingham, Patented, 1/15. 
First adopted by RNAS, 12/15; then 
RFC, 4/16. 


Buckingham Mk.7 produced in 6/16. 


Buckingham (with flat nose) ~ widely 
used until end of War. 


Brock incendiary. Invented by Cdr F 
A Brock. First delivered in 12.16. 
Use suspended by RFC early in 1917 
but used by RNAS to end of War. 


Pomeroy or P.S.A. incendiary, First 
produced, 5/16, Home Defence units 
of the RFC usually used a mixture of 
Buckingham, Brock and Pomeroy 
bullets. Invented by J Pomeroy. 


RTS incendiary and explosive bullet, 
First produced 11/17, Used overseas 
from 9/18, 


SPG Mk.7G. Superseded Mk.7T in 
about 6/17. Developed by Royal La- 
boratory and Dr S Smiles. Also used 
by France, USA and Italy. 

PSA Mk.II ~ Approved 2/17 and 
superseded Mk.1. 


RTT explosive version of RTS. 


Sources: H A Jones, Vol 3, App V. 
Air Stories, Vol 4, p 60. 


Note 17 


Airships as Aircraft Carriers: 
A Chronology of Hook-on Oper- 
ations. 


25 January, 
1918 


German Naval Air- 
ship Division investi- 
gates the problem 
Albatross DIII fighter 
successfully dropped 
from L35 Zeppelin 
rigid airship operating 
from Juterbog 
perimental unit. Pro- 
gramme terminated 23 
February, 1918 
A Sopwith 


26 January, 
1918 


ex- 


June 1918 Camel 





6 November, 
1918 


November 
1918 


12 December, 
1918 


May 1920 


September 


1921 


17 July, 
1922 


18 September, 
1923 


3 October, 


1924 


15 December, 


1924 


Spring 
1925 


fighter dropped with- 
out pilot from No.23 
rigid. Another drop 
made from  No.23 
with Lieut R E Keys 
as pilot. Aircraft lands 
safely. 

‘Two piloted Sopwith 
Camels dropped from 
No.23, Lieut Keys, 
and same two pilots 
made second drop. 
Lieut G Crompton, 
US Army, designs 
hook-on and_ release 
mechanism for an 
aeroplane lifted by an 
airship. 

Curtiss JN-4, piloted 
by Lieut A W Brad- 
field, lifted to 2,600ft 
by C-2_ pressure-air- 
ship from Rockaway 
Beach, near New 
York, and successfully 
dropped. 

Sopwith Camel with- 
out pilot dropped 
from-R33 rigid to test 
crash-proof fuel tanks. 
Did not burn. 
Lawrence B_ Sperry 
advocates hook-on as 
well as drop to US 
Army at Bolling Field. 
Lawrence Sperry flies 
a Sperry Messenger 
biplane in close 
proximity to C-2 
pressure-airship to 
determine possible 
hook-on problems. 
Lieut R K’Stoner, US 
Army, tries unsuccess- 
fully to hook on to D- 
3 pressure-airship. 

US Army = TC-5 
pressure-airship from 
Scott Field drops 
Sperry Messenger 
flown by Lieut C V 
Finter. 

Finter hooks onto 
TC-3 at third attempt. 
This was the first suc- 
cessful hook-on. 

US Navy first shows 
interest in hook-ons 
experiments 
with Shenandoah pro- 
posed. 


when 





15 October, 
1925 


4 December, 
1925 


21 October, 
1926 


23 November, 
1926 


11 June, 
1927 


December 
1928 

1 July, 
1929 


3 July, 
1929 


15 August, 
1929 


20 August, 
1929 


21 August, 
1929 


24 August, 
1929/ 
2 September, 
1929 


Sqn Ldr R de Haga 
Haig in de Havilland 
D.H.53 drops from 
R33 rigid at 3,000ft 
Tries unsuccessfully 
to hook-on again. 

Fit Lieut Janor suc- 
cessfully hooks 
D.H.53 onto = R33 
rigid. First hook-on to 
a rigid airship. 

Gloster Grebes flown 
by Fl Off C Macken- 
zie-Richards and Fl 
Off R L_ Ragg 
dropped by R33 rigid 
Two more Gloster 
Grebes successfully 
dropped from R33. 
Lieut de Long Mills 
in Vought UO-1 
makes six approaches 
to the Los Angeles to 
investigate turbulence 
problems. 

Trapeze fitted to Los 


Angeles. 
Ground-testing of 
trapeze on Los Angeles 
completed. 


First hook-on tests by 
Lieut A W _ Gorton 
with Vought UO-1 
onto Los Angeles. 
‘These are not success- 
ful. 

Lieut-Cdr L C Ste- 
vens tries unsuccess- 
fully to pick up a 
trailing wire while fly- 
ing a Vought 02U 
Corsair. 

Gorton achieves a suc- 
cessful hook-on to the 
Los Angeles trapeze 
with UO-1 in three 
out of four ap- 
proaches. 

Gorton makes  suc- 
cessful hook-on at 
40kt. Lieut-Cdr C A 
Nicholson makes two 
out of four hook-ons 
followed by Stevens 
with one good hook- 
on. 


Public announcement 
and demonstrations at 
National Air Races 
held in Cleveland. 


10 October, 
1929 
31 January, 
1930 


20 May, 
1930 


25 August, 
1930 
February 
1931 


26 May, 
1931 


29 August, 
1931 


23 September, 
1931 

23 October, 
1931 


18 December, 
1931 

7 February, 
1932 

3 May, 

1932 


Autumn 
1932 


4 April, 
1933 
21 April, 
1933 


6 July, 
1933 

12 October, 
1933 


Lieut C M Bolster is 
first to leave an air- 
ship and travel to the 
ground in the UO-1. 
Hook-on development 
programme starts. 
Lieut R S Barnaby in 


Priifling glider 
dropped from — Los 
Angeles. 


Nicholson takes off 
from aircraft carrier, 
USS Lexington, and 
then hooks-on — Los 
Angeles trapeze. 
Trapeze removed 
from Los Angeles. 
Lieut D W Harring- 
ton reports to Lake- 
hurst for — hook-on 
training. Others follow 
him. 

Trapeze re-installed 
on Los Angeles. 
Training takes place 
using six Consolidated 
N2Y biplanes. 

First night hook-ons 
made by Lieuts H L 
Young and Harrigan. 
Akron makes its first 
flight. 

Curtiss XF9C-1 ready 
with Skyhook and 
first Los Angeles hook- 
ons made by Harring- 
ton and Young. 

Last hook-on — Lvs 
Angeles trapeze. 
Trapeze sent to Lake- 
hurst for Akron. 
Young and Harrigan 
make first hook-ons 
on Akron, first with 
N2Ys and then with 
XF9C-1. 

HTA Unit in Akron 
work up their search 
procedures. 

Akron lost. 


Macon makes first 
flight. Waco XJW-1 
takes over from N2Ys 
as ‘running boats’. 
First hook-ons on 
Macon 

Macon flies to West 
Coast. During this 
period there is some 
hook-on training of 
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HTA Unit pilots on 
the Curtiss F9C-2. 

15 November/ Macon uses the F9C-2 

16 November, in an exercise with the 


1933 Fleet. This is repeated 
during subsequent 
exercises, 

12 February, Macon lost. 

1935 

11 March, Hook-ons attempted 

1937 by Ernst Udet with 


Focke-Wulf Stieglitz 
on Hindenburg. 
22 April, Udet makes four suc- 
1937 cessful hook-ons out 
of six tries, there 
being difficulties with 
turbulence. 


Note 18 

Vickers built the first two rigid air- 
ship hangars in the United Kingdom. 
‘The first was in the Cavendish Dock 
in Barrow-in-Furness for No.1 
Mayfly and the second on Walney 
Island nearby for the No.9. 


Note 19 

A former Schiitte-Lanz engineer, 
Hermann Miller, come to England 
early in 1916 with comprehensive 
wooden airship data (See page 117). 
Another German aeronautical 
expert, Bernard Schrieb-Muller, was 
reported on board L32 when she 
was shot down later in 1916. 
Several airship crewmen survived 
after being shot down in flames 
— Alfred Muhler in LZ37_ being 
probably the first. Possibly Schreib- 
Muller or one of the other survivors 
also brought airship information to 
the Allies. 


Note 20 

‘The Germans built two rotating 
sheds, one at Blisdorf near Berlin in 
1910 and a second at the Nordholz 
naval base in 1913, 


Note 21 
{See tables on pages 152-153] 


Note 22 

‘Today the case for the use of helium 
in airships is irresistible. The risks of 
fire with hydrogen have been made 
clear to all. However, there was a 
time in the 1920s and 1930s when 
airship protagonists outside the 
United States argued that the advant- 
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ages of hydrogen over helium were so 
great that the risk of a hydrogen fire 
was acceptable. With the United 
States refusing to export helium, use 
of hydrogen was, in any case, the 
only way airships could be operated. 

‘The pro-hydrogen arguments ran 
roughly as follows: 


(1) Only a small number of rigid 
airships had been destroyed by 
fire compared to the large num- 
bers of HTA (Heavier-than-Air) 
fire accidents. (This conclusion 
ignored the fact that there had 
been incomparably more airship 
than HTA fires in proportion to 
the numbers of the two types 
flying.) 

(2) At the time, helium was at least 
forty times as expensive as hy- 
drogen and was unobtainable, 
except from the United States 
which had a monopoly of sup- 
plies and was not prepared to ex- 
port the gas. (‘This monopoly no 
longer exists: The Soviet Union 
is believed to have helium in 
commercial quantities today.) 

Helium provided 7!/2 per cent 

less lift than hydrogen, 

(4) This meant that a helium airship 
had to be as much as 20 per cent 
larger if it were to have the same 
payload/range capabilities. 

(5) For the same reason, a helium 
airship had about a third less 
range than an equivalent hy- 
drogen airship. 

(6) Manufacturing and operating 
costs of the smaller hydrogen 
airship were _ proportionately 
lower. 





(3 
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Appendix 1 


Fixed and Movable Control Surfaces of Early Zeppelins 








The early development of the 
Zeppelin airship was particularly 
characterised by the evolution of 
its fixed and control surfaces, 
mainly mounted on the aft end of 
the hull. Several different forms 
of fixed tailplane were tried on 
successive airships over a four- 
year period, use also being made 
of the ideas of other experimen- 
ters such as Renard and Hervé at 
Chalais-Meudon near Paris who, 
in 1903, proposed tail surfaces at- 
tached directly to an airship’s 
hull. As a result, the simple cru- 
ciform tail was evolved and ap- 


peared in its final form on Zep- 
pelins on LZ25 in July 1914. It is 
clear that this final design was 
also influenced to an important 
extent by the Schiitte-Lanz 
wooden rigids which introduced 
the simplified tail earlier on 
S.L.II in February 1914. 

LZ1 (Type a), the first Zep- 
pelin, had a weight which could 
be shifted fore and aft by a cable 
which ran on pulleys attached at 
bow and stern. This method of 
control in pitch was sup- 
plemented by a single monoplane 
elevator attached under the hull 


aft. Control in the yawing plane 
was by two similar units beneath 
and above the hull, also aft. The 
early aerodynamic controls were 
too small to be effective. Stability 
was also inadequate. 

Nine steps in the subsequent 
development of the Zeppelin tails 
are illustrated here. The arrange- 
ments selected are not definitive 
but give a good idea of the pro- 
gression from multiple small con- 
trol surfaces to two interconnected, 
large elevators (one each side of 
the centreline) and two large rud- 
ders of similar coinfiguration. 

































































LZ2/3 (Type b): The second 
and third Zeppelins were the first 
to provide some measure of con- 
trol in both pitch and yaw. Large 
rectangular fixed tailplane sur- 
faces — two with dihedral and two 
with anhedral — considerably im- 
proved stability in both pitch and 
yaw. Triple box rudders were 
mounted each side between the 
tailplane tips. Two sets of quad- 
ruplane ‘diving planes’ (as they 
were known in Britain) were 
mounted fore and aft for pitch 
control. 


LZ4/5 (type c): The third 
type of Zeppelin — of which two 
were built — had near-triangular 
fixed tailplane surfaces with twin 
double-box rudders again 
mounted at the tips of the tail- 
planes. The quadruple ‘diving 
planes’ remained unchanged. A 
rectangular rudder was mounted 
on the centreline on the aft end 
of the hull. This was later re- 
placed by a much larger oval rud- 
der in the same position. At 
about the same time a large fixed 
fin was mounted on the top of 
the hull and, later, a similar sur- 
face beneath the underside also. 





LZ6 (Type d): This airship 
had the same basic tail configura- 
tion as LZ4/5, differing mainly in 
the area and plan form of the 
tailplanes which, however, re- 
tained their dihedral/anhedral ar- 
rangement. ‘Diving planes’ were 
also retained. 
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LZ9 (type f): The big change 
in the design of this airship’s tail 
unit resulted from a re-arrange- 
ment of the tailplanes and central 
fin. Instead of the dihedral and 
anhedral on the tailpanes, these 
were now horizontally mounted 
with eight rudders and ten elev- 
ators attached in part directly to 
the main fixed surfaces and partly 
to a special framework. ‘Diving 
planes’ were omitted for the first 
time. 


LZ10/12 (Type ): Basically 
similar to LZ9, the tail unit of 
this airship differed in having 
eight small elevators and eight 
rudders. There were no ‘Diving 
planes’, 


LZ14-17/19/20 (Type hh): 
These airships had horizontal 
monoplane tailplanes and vertical 
fins as extensions of the hull. 
‘There were six small rudders and 
eight elevators attached to the 
fixed main surfaces by a box 
framework. 












































LZ18 (Type i): In this case the 
tail unit was cruciform with the 
control surfaces attached below 
the large main fixed surfaces. 
There were twelve rudders and 
eight elevators. 


LZ24 (Type m): With a simi- 
lar overall arrangement this air- 
ship’s tail had the number of 
rudders reduced to ten and that 
of the elevators increased to the 
same number. 


LZ25 (Type m2): This was 
the first Zeppelin to incorporate 
the basic cruciform tail unit with 
two rudders mounted on two fins 
and two elevators attached to 
two tailplanes. This became the 
standard design thereafter. 


194 ZEPPELIN 








Appendix 2 
Commercial 
Operations with 
Rigid Airships 








Between 1910 and 1937 German 
Zeppelins were used for four dif- 
ferent sustained commercial oper- 
ations: 

1 Seasonal pleasure flying in 
Germany, 1910-1914. 

2 Scheduled service between 
Friedrichshafen and Berlin, 
1919. 

3 Seasonal scheduled service 
between Friedrichshafen and 
South America, 1932-37. 

4 Seasonal scheduled service 


between — Frankfurt-am-Main 
and Lakehurst, New Jersey, 
1936-37. 


In addition Zeppelins were 
used for quite a number of spe- 
cial charter flights. Baron R G 
Rothschild chartered LZ6A in 
September 1910 for a series of 
joy-rides at 2,000 marks for the 
first two hours plus 1,000 marks 
for each additional hour. The 
2,000 marks were approximately 
equivalent to £1,700 today ~ all 
sterling values similarly com- 
puted are given in brackets (See 
Note 1). In August 1929 LZ127 
Graf Zeppelin was chartered for a 
round-the-world flight, one of 


publicity ventures. The American 
newspaper proprietor, William 
Randolph Hearst, put up part of 
the money — $100,000 (£186,000 
in today’s terms) for the exclusive 
story rights. Other funding came 
from carriage of a special 
mail which yielded $112,500 
(£208,000) in stamps and covers; 
the fares of special passengers 
which totalled $40,000 (£74,400); 
and a press concession to three 
German publishers which raised 
$12,500 (£23,000). The total cost 
of the flight came to $225,000 
(£416,000), yielding a profit of 
$40,000 (£74,400). 


The DELAG seasonal _plea- 
sure flying in 1910-14 was under- 
taken with seven different 
airships, four of which were de- 
stroyed in accidents. A total of 
10,197 revenue passengers were 
carried on 1,588 flights in 3,176 
hours, representing a rate of utili- 
sation for each of the seven ships 
while they were in service of 
about 620 hours per annum. The 
total operating costs, between 22 
June, 1910, and 31 July, 1914, 
have been estimated at about 
4,260,000 marks (£3.6 million), 
against which a total commercial 
revenue of about 2,020,000 marks 
(£1,720,000) was earned (47.4 per 
cent of the expenditure). In addi- 
tion, a subvention was received 
from the German Government 
for the training given to naval 
and military crews by DELAG 
during commercial flights. It is 
probable that this subvention 
more than covered the above loss. 

The US Navy and Goodyear 
made a similar arrangement in 
the 1950s when the training of 
naval reserve crews on the 
Goodyear advertising blimps also 
made these operations commer- 
cially viable. Once this source of 
revenue was removed the adver- 
tising blimps ceased to be a com- 
mercial proposition and were 
operated primarily as an adver- 
tisement for Goodyear _ itself 
together with a limited amount of 
pleasure flying. 

The DELAG scheduled ser- 
vice operated with the LZ120 
Bodensee between Friedrichshafen 
and Berlin from 24 August to 5 
December, 1919 (with an inter- 
mediate stop at Munich up until 
4 October). It was operated at a 
substantial loss despite a load fac- 
tor of 100 per cent that is 
twenty-two passengers on each of 
the seventy-eight commercial 
flights, northbound one day, 
southbound the next. The one- 
way fare for the 600km (370 
miles), flown in about seven 
hours, was 575 marks (£40.50). 
Altogether a total of 103 flights 
were made in 104 consecutive 
days. It is difficult to interpret 
the commercial implications of 
this operation because of the gal- 


loping inflation from which Ger- 
many suffered as an aftermath of 
the war. A reported loss of nearly 
$40,000 (£61,400) was incurred, 
probably about 40 per cent of the 
direct operational costs. A total of 
2,253 passengers were carried in 
532 hours of flying, which repre- 
sented a utilisation rate of about 
1,850 hours per annum. 

The Zeppelin service between 
Germany and South America was 
operated from March 1935 by 
DZR (Deutsche Zeppelin-Reede- 
rei), the German Zeppelin airline 
which was founded on 22 March 
and again had affiliations with the 
Hamburg-Amerika shipping line 
and Deutsche Lufthansa, the 
German flag airline. An ex- 
perimental flight to South Ameri- 
ca with the LZ127 Graf Zeppelin 
was made in 1930, followed by 
three proving return flights in 
1931, From 1932 a regular season- 
al service which ran every other 
week from April to October was 
started. There were nine return 
flights that year and again in 
1933; twelve in 1934 and sixteen 
in 1935. 

The Graf Zeppelin flew an- 
other twelve in 1936 and a fur- 
ther seven were flown by the new 
LZ129 Hindenburg, making a 
total for that season of nineteen, 
or one a week, The service was 
discontinued in 1937 after the 
Hindenburg was destroyed at 
Lakehurst. Up to the end of 1935 
the service normally terminated 
at Recife (Brazil), either nonstop 
from Friedrichshafen or with one 
stop at Seville in Spain. The Bra- 
zilian Government agreed to pro- 
vide a terminal, including a shed, 
at its own expense (variously re- 
ported as $750,000 to $1 million) 
near Rio de Janeiro and this op- 
ened at Santa Cruz at the end of 
1935. The 1936 and 1937 flights 
went right through to Rio de 
Janeiro. 

No complete information on 
the South American service has 
been published but there is no 
doubt that it was extremely 
popular with the Brazilians and 
was of great prestige value to the 
Germans. Despite the seasonal 
nature of the service, the small 
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number of trips and the limited 
accommodation (twenty passen- 
gers in ten two-berth cabins), a 
thousand passengers were carried 
in 1936 (in both directions) at a 
one-way fare of $461 (£930). 
Loads were good; the passenger 
load factor was reported to have 
averaged 92.9 per cent for 1935 
and 1936, but not all the passen- 
gers paid full fares — a large num- 
ber were officials or other people 
travelling free or at reduced rates. 

The financial results of the 
service are not known; it was not 
subsidised by the Brazilfan Gov- 
ernment (other than the provision 
of the Rio de Janeiro base) but it 
clearly must have been by the 
Germans although to what extent 
is difficult to estimate. 

In 1932, during early oper- 
ations on the route, it was said 
that the loss per trip averaged 
about $3,100 (£6,240). An aver- 
age of eleven revenue passengers 
(a 55 per cent passenger load fac- 
tor) was being carried each way 
at that time, yielding $5,070 
(£10,200) per trip. $11,330 
(£22,800) of mail revenue was re- 
ceived per trip but it is not clear 
to what extent, if any, this con- 
tained an element of subsidy. 
The total income per trip was 
thus $16,400 (£33,000) to set 
against a total expenditure of 
$19,500 (£39,200). It would seem 
that, in 1932, revenue covered 84 
per cent of cost at an average 
revenue passenger load factor of 
55 per cent. The breakeven load 
factor would therefore have been 
just under 90 per cent, assuming 
the same mail revenue. 

Southbound trips were sche- 
duled to take seventy-two hours 
and actually averaged sixty-eight 
in 1932, while northbound the 
schedule was ninety-six hours 
and actually averaged ninety. lf 
the above cost figures are correct, 
the Graf Zeppelin cost $243 
(£490) per hour and could have 
been operated profitably on this 
route at a passenger revenue load 
factor of about 90 per cent pro- 
viding that the mail payments, 
totalling well over double the 
1932 passenger revenue, were 
maintained at the 1932 level. 





Although the Graf Zeppelin 
made a number of flights across 
the North Atlantic it was always 
clear that she had_ insufficient 
speed for this route. Eckener 
made a statement to this effect 
soon after his first crossing of the 
Atlantic in Graf Zeppelin in 1928. 
LZ129 Hindenburg, on the other 
hand, was intended for that route 
and it was thought that she 
would have sufficient perform- 
ance to be operable on it for 
about nine months of the year. 
Her top speed was, in fact, only 
1.9 m/s (under 5mph) faster that 
the Graf Zeppelin although her 
cruising speed seems to have 
been a higher percentage of her 
top speed, 

During her first, 1936, season 
on the route, Hindenburg made 
the first crossing on 6 May, re- 
turning on 12 May. Thereafter 
she completed fifteen round trips 
that year, during which 1,081 
revenue passengers were carried 
at a load factor of 89.3 per cent. 
The average journey time was 
64!/2 hours westbound and 52 
hours eastbound. The — fares 
charged in 1936 were $400 single 
and $700 return but these were 
increased by 12!/2 per cent for 
1937. The latter were somewhat 
higher than those charged on the 
first flying-boat service initiated 
by Pan American Airways in 1939, 

Again, only incomplete inform- 
ation is available about the econo- 
mics of the operation. It appears 
that the total aircraft costs of a 
round trip, Frankfurt-Lake- 
hurst-Frankfurt, averaged about 
$70,000 (£139,000) or some $600 
(£1,186) per hour, about half of 
which were direct costs. 

As originally built, and as used 
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for the 1936 season, the airship 
was fitted with fifty passenger 
berths in double cabins although 
additional passengers were occa- 
sionally carried in the officers’ ac- 
commodation. For the 1937 
season, passenger accommodation 
was increased to seventy-two 
berths. In 1936 the passenger 
revenue apparently — averaged 
about $40,000 per round trip and 
the mail and express revenue is 
said to have made the total in- 
come sufficient to cover all opera- 
ting costs. Whether the mail 
payments included an element of 
subsidy is not clear. If these 
figures are correct, with seventy- 
two berths, Hindenburg should, in 
1937, have been able to cover her 
costs at a 98 per cent passenger 
load factor on passenger revenue 
alone. Taking account of mail 
and express, it is probable that 
Hindenburg was just about opera- 
ting profitably on the difficult 
North Atlantic route when her 
career was cut short by the disa 
ter at Lakehurst. 

‘The somewhat speculative cost 
figures discussed in this appendix 
are summarised and _ tabulated 
here. Total costs of LZ120 are 
assumed in this comparison to 
have been twice the direct opera- 
ting costs. 

Comparative typical total oper- 
ating costs per seat/statute mile in 
Europe for transport aeroplanes 
in scheduled airline service would 
be as follows (also given in 1990 
values). The years indicated are 
those in which each type entered 
airline service. 








De Havilland D.H.4A (1919) 91.6p. 
Fokker F.VI1a-3m (1926) 38.2p 
Junkers-Ju 52/3m (1933) 23.0p 
Douglas DC-3 (1936) -11.6p 








Airship Year Total Operating Costs (1990 values) 
Cost Cost| Cost! 
per hr aircraft seat 

statute statute 
mile mile 

DELAG (average) 1910-14 £1,142 £33.70 138.6p 

LZ120 1919 £576 £ 8.16 43.6p 

LZ127 1932 £490 £ 8.00 40.0p 

LZ129 (50 berths) 1936 £1,186 £17.50 35.0p 

LZ129 (72 berths) 1937 £1,186 £17.50 24.2p 
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In comparing the above airship 
and aeroplane costs it should be 
remembered that those for the 
last two airships (LZ127 and 
LZ129) were achieved over long 
stages — several thousand miles — 
whereas those of the aeroplanes 
of the period applied to much 
shorter ranges of, at most, 
500/1,000 miles. 
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Operating Statistics of Rigid Airships 








Hours Flown by Rigid Airships (estimated) 






































1900-14 3 Zeppelins Hours 
12 Army 
3 Navy 
2 Schitte-Lanz 2,000 (approx) 
7 DELAG 3,200 
1914-18 65 Navy } Zeppelin 
35 Army S “*PP' 27,500 
9 Navy Vc, ‘ 
10 At Schutte: lang: 5,000 (approx) 
1918-39 LZ120-121 
Other Zeppelins 2,000 (approx) 
17 British Rigids 3,900 
4 US Rigids (ZR-1, ZR-3, ZRS4, ZRSS) 9,600 
ZMC-2 2,300 
L.Z127/129-130 21,000 
Total 76,500 
Possibly 80,000 
Rigid Airship Accidents Analysis 
Ships lost 
Burned in shed 13 
Handling and flying accidents 
coming out of shed 3 
burned on ground 3 
landing 15 
burned in flight 7 
failed structurally in flight 3 
lost in storms, at sea, etc 16 
47 
War casualties 
shot down by anti-aircraft fire 20 
shot down by aircraft 15 
bombed in sheds 4 
39 
Ships which met violent ends 99 
Broken up (including two after flying accidents) 63 
Ships launched 162 
Ships converted to new configuration 16 
Total number of configurations launched 178 
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Rigid Airships Destroyed in Fatal Accidents 
(excluding war risk losses) 











Airship Date lost Type of accident Fatalities 
LZ14(L1) 9.9.13 Storm at sea 14 
LZ18(L2) 17.10.13 Burned in flight (design defect) 28 
LZ27(L4) 17.2.15 Blew away after forced landing 4 
LZ40(L10) 3.9.15 Struck by lightning. Burned in flight 19 
LZ44(LZ74) 8.10.15 Hit ground in cloud 3? 
LZ54(L19) 2.2.16 Ditched (engine failure) 16 
S.L.4 30.3.16 Storm at sea 20? 
S.L.X 28.7.16 Storm at sea 20? 
LZ56(LZ86) 5.9.16 Landing accident 8 
S.L.9 30.3.17 Struck by lightning. Burned in flight 23 
LZ89(L50) 20.10.17 Blew away after forced landing 4 
LZ104(L59) 7AMB Burned in flight 23 
LZ107(L62) 10.5.18 Burned in flight (structural failure?) 20? 
R38(ZR-2) 24.8.21 Broke in flight 44 
LZ114(L72) 21.12.23 Burned in flight (structural failure) 50 
ZR-1 3.9.25 Broke in flight 14 
R101 5.10.30 Hit ground, burned 48 
ZRS4 4.4.33 Storm at sea 73 
ZRSS 12.2.35 Broke in flight 2 
LZ129 6.5.37 Burned in flight (static discharge?) 35 

‘Approximate total fatalities 468 





Rigid Airship Safety Statistics 











Five-year Approximate Airships lost Hours flown per Airships lost Hours flown per 
period hours flown in accidents ship lost in accident in fatal accidents fatal accident 
1906-10 400 5 80 0 

1911-15 10,600 17 624 5 2,120 
(+15 from (461)* (+3 from (1,768)* 
enemy action) enemy action) 

1916-20 29,000 31 936 8 3,625 
(+24 from (725)* (+17 from (2,070)* 
enemy action) enemy action) 

1921-25 6,200 3 2,066 3 2,066 

1926-30 11,800 1 11,800 1 11,800 

1931-35 14,000 2 7,000 2 7,000 

1936-40 4,500 ue 4,500 1 4,500 

1906-40 76,500 60 1,275 20 3,825 
(+39 from (+20 from 
enemy action) enemy action) 





* approximate correction for ships lost by enemy action on the assumption that ships destroyed by the enemy would have suffered a comparable a 
rate to other airships. 





For comparison with the above estimates, aeroplanes have achieved the following typical hours flown per fatal accident over the years: 


1910 100 hours 1939 5,000 hours (US general aviation) 1970 35,000 hours (US general aviation) 
1914 140 hours 1940 125,000 hours (US domestic airlines) 1970 330,000 hours (ICAO airlines, Five-year average) 
1918 2,000 hours (training) 1980s 1,000,000 hours (major jet airlines) 
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DELAG Operations in Germany, 1910-14 
(Statistics for period 22 June, 1910, to 31 July, 1914) 




















DELAG DELAG  DELAG  People* Revenue 
Airship Operating life Utilisation rate pa _ flights hours km carried passengers 
LZ7 1 week 1,066 hours 7 20.5 1,035 220 142 
LZ6A 3 weeks 1,144 hours 34 66 3,132 1,100 726 
LZ8 5 weeks 489 hours 22 47 2,379 458 129 
LZ10 52 weeks 479 hours 218 479.5 27,321 4,354 1,553 
LZ11 124 weeks 411 hours 489 981.3 54,312 9,738 2,995 
LZ13 104 weeks 424 hours 399 840.7 44,437 8,321 2,187 
LZ17 112 weeks 344 hours 419 TAL 39,919 9,837 2,465 
DELAG Fleet 622 hours 1,588 3,176 172,535 34,028 10,197 
* Includes crews, supernumeries and crews under training 
DELAG Operations in Germany, 1919 
(Statistics for period 24 August to 5 December, 1919) 
One airship (LZ120) operated, flown by three pilots: 
Dr H Eckener, H C Fleming and A Heinen. 
During an elapsed time of 98 days, flew on 88 days and made 103 flights 
totalling $32 hours in which $1,258km (32,300 miles) were covered. 
‘There were 78 commercial flights: 
Friedrichshafen-Staaken or Staaken-Friedrichshafen. 
Sometimes with a stop at Munich. 
Average block time of 7 hr for the 600km (370 miles). 
Carried 4,050 people, including 2,253 passengers plus 
5,000kg (11,0001b) of mail and 3,000kg (6,6001b) of other cargo. 
Average of 22 passengers per flight (100 per cent load factor) 
at an average fare of about 575 marks (£40.5) 
DELAG and DZR Statistics 
Airship Hours Km Number of People Passengers — Mail Freight 

flown flown flights carried} carried carried (kg) carried (kg) 

LZ120 Bodensee 532 51,258 103 4,050 2,253 5,000 3,000 
LZ127 Graf Zeppelin 17,177 1,695,272 590 34,000 13,110 39,219 30,442 
LZ129 Hindenburg 3,088 337,129 63 7,305 3,059 8,869 9,758 
‘Totals 20,797 2,083,659 756 45,355 18,422 53,088 43,200 
DELAG 3,176 172,535 1,588 34,028 10,197 - - 
1910-14 
‘Totals 23,973 2,256,194 2,344 79,383+ 28,619 53,088 43,200 





+ Includes crews, supernumeries and crews under training 
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Manufacture of 
Rigid Airships 











Rigid airships were the first 
large, relatively complex aircraft 
and the first metal aircraft to be 
made in production quantities. 
Their manufacture, particularly 
in Germany just before and dur- 
ing the First World War, re- 
vealed many of the technical, 
organisational, industrial and fin- 
ancial problems that were later to 
become familiar in the develop- 
ment and production of aero- 
planes. 

Before the First World War 
the design and manufacture of 
the first of a new type of rigid 
airship required up to three years 
from the start of the project to 
first flight. This was reduced to a 
six-month to two-year period 
during the war. Later, between 
the wars, the time required in- 
creased again to a two- to five- 
year period. 

These development __ times 
compare with the two or three 
months it took to design, build 
and fly most new types of aero- 
plane up to the end of the First 
World War, although a few of the 
larger and more advanced designs 
of that era did require eight to 
twelve months. Thereafter, the 
time required to develop. the 
average aeroplane increased 
steadily until, by the 1930s, with 
the introduction of all-metal 
aeroplanes, it rose markedly: one 
to two years was normally re- 
quired, still significantly less than 
that for rigid airships even 
though the design effort required 
was now comparable. The dif- 
ference in time was due to the 
fact that the aeroplane manufac- 
turers were able to use larger de- 
sign teams. 

Since the Second World War, 
development times for most types 
of aircraft have increased even 
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further. Today between three and 
five years to first flight are com- 
monly required, a time com- 
parable to that of the rigids of the 
1930s. The difference is that in- 
comparably larger design teams, 
aided by computers, are now em- 
ployed. A large, modern aero- 
plane may have four or five 
million direct design manhours 
expended on it to first flight, a 
figure perhaps twenty _ times 
greater than was required for the 
last rigid airships. 

So far as production is con- 
cerned, the rigid airship again re- 
quired a much larger effort per 
unit produced than contemporary 
aeroplanes. Thus, before the First 
World War, from 100,000 to 
300,000 manhours of direct shop- 
labour were required for the first 
airship of a new type. This figure 
increased to 800,000/1,000,000 
manhours for the larger airships 
of the First World War period. 
During the between-wars years, 
direct shop-labour hours for the 
first of a new design increased 
still further so that as much as 
two to three million manhours, or 
even more, were needed. These 
totals are comparable to the effort 
required to manufacture the air- 
frame and install the equipment 
in the first example of a modern 
wide-body transport aircraft such 
as the McDonnell Douglas MD- 
11 or Lockheed TriStar. The 
cost, and therefore the labour 
content, of the bought-out equip- 
ment installed in a large modern 
aeroplane is, however, much 
greater. 

From such information as is 
still available it appears that ex- 
perience in the seve: factories 
which manufactured Zeppelins 
during the First World War must 
have given some of the earliest 
indications in aircraft. manufac- 
ture of the reductions in man- 
hours per unit which occur in the 
quantity production of complex 
articles. This process, which later 
came to be known as the ‘learn- 
ing curve’ effect, had originally 
been observed, though not quan- 
tified, in the mass production of 
rifles during the American Civil 
War. The effect also appears to 
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have been known to aeroplane 
manufacturers, at least in France, 
from before the First World War 
but was understood and fully ex- 
ploited only from the 1930s. 
From that time, manufacture of 
aircraft came to be planned on 
the assumption of the ‘learning 
effect’ along about an 80 per cent 
curve: in other, words, for every 
doubling of the numbers made, 
the manhours required per unit 
are reduced by 20 per cent. 

The learning effect means that 
the average man hours required 
to manufacture a quantity of even 
the largest and most advanced 
type of aircraft is greatly reduced 
from that expended on the first 
machine of the type, providing a 
reasonable number of that type is 
made. Thus the average hours re- 
quired to make each of 100 air- 
craft will be only about one-third 
of those required for the first air- 
craft and for 250 aircraft only 
about one-quarter. The econ- 
omies manifested themselves in 
the manufacture of rigid airships 
even before the First World War. 
Their importance was limited by 
the small numbers made. Never- 
theless, estimates suggest that the 
manhours needed for the nine L3 
class Zeppelins built in the Ring 
Shed at Friedrichshafen were re- 
duced along an approximate 80 
per cent curve, 

The costs of manufacturing 
aeroplanes are, of course, incom- 
parably higher today than they 
were fifty years ago. The same 
would be true for rigid airships, 
were they still being built. Jig- 
ging and tooling costs are greater 
under modern conditions for a 
given rate of production, and in- 
vestment in plant and machinery 
has to be much higher. Invest- 
ment in ‘work in progress’ peaks 
at much higher levels today be- 
cause of higher costs of labour, 
materials and bought-out parts. 

The American Goodyear Aero- 
space Company, which was 
absorbed into the Loral Systems 
Group in 1987, was one of the 
last manufacturers of rigid air- 
ships. In competition with the 
British company, Airship Indus- 
tries, (formed in 1980), it is still 
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Goodyear Study of Pressure-Airship Manufacturing Costs, 


1967 





Size of airship (gas capacity) 
Design engineering costs 
Prototype airship 
Production airships (each) 


42,475cu m (1.5m cu ft) 
$37.7m (£15.7m) 
$14.9m (£6.2m) 
$5.85m (£2.44m) 


283,170cu m (10.0m cu ft) 
$52.5m (£21.9m) 

$40.0m (£16.7m) 

$18.0m (£7.5m) 





(Figures in brackets are sterling equivalents at the then current rate of exchange.) 


building pressure-airships — or 
was until recently. 

In 1967 Goodyear undertook a 
study for the US Government of 
the likely costs of developing and 
producing pressure- and rigid air- 
ships. Although 1967 costs have 
roughly trebled in 1990, they do 
provide some indication of what 
airship development and manu- 
facture might cost under modern 
conditions. The study concluded 
that rigid airships would cost 
roughly twice as much today as 
pressure-airships for a given ca- 
pacity. These figures suggest 
that, while in 1933 dollars Akron 
and Macon cost $8 million, under 
modern conditions they would 
cost well over $600 million. Nor 
does this take into account the ef- 
fect on expenditure of the 25 to 
30 year advance in related tech- 
nologies. A modern aeroplane of 
comparable weight would have 
development and tooling costs of 
between 500 and 1,000 million 
dollars (equivalent to £650 to 
£1,300 million today). 

Looking back over the history 
of airship development, estimates 
suggest that something over 
£6,000 million (in today’s values) 
has been spent on airships during 
the past ninety years. This figure 
includes all aircraft and base costs 
but excludes those of personnel 
in the armed forces engaged in 
operating airships. It compares 
with, for example, something 
over £1,600 million (again in 
today’s values) spent by Britain 
and France during the first ten 
years of the development of 
supersonic air transport. 

Probably nearly half the air- 
ship expenditure was American, 
the greater part of this on press- 
ure-airships during and after the 
Second World War. More than a 
third was German, mainly on rig- 
ids before and during the First 
World War and between the 


wars. The British, French and 
Italians together contributed al- 
most all the remainder. 

An estimated 60 per cent of 
the total was spent on research 
and development and_ probably 
about half went on rigid airships. 
However, allowing for the fact 
that all rigid airship development 
and manufacture occurred in the 
first forty years of this century 
(when labour costs were relatively 
low), the rigid airship share must 
have been much larger in man- 
hour terms. 

The governments which in- 
vested all this effort on rigid air- 
ships can only have concluded in 
the end that the practical returns 
obtained were grossly inadequate, 











Appendix 5 
Characteristics of 
Rigid Airships 








The main characteristics of each 
type of airship are detailed, on 
the following pages, as far as 
possible in a standardised tabular 
form. This can be summarised as: 

Airship by number or class 
and, where applicable, type letter; 
date of first flight; gas capacity 
(100 per cent inflation); engine/s 
and total maximum _ power; 
dimensions; spacing of main 
frames; number of gas cells; 
empty weight; typical gross lift; 
empty weight as a percentage 
of gross lift; maximum speed 
(metres/second); maximum range; 
number of crew and passengers; 
main constructional material; and 
number built. 
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Appendix 5 
Characteristics of Rigid Airships 
——————— 
Airship Type — First Gas Gas Engines Total Length Diawe 
flight capacity capacity ‘max (m) (mj, 
(cum) later power 
(cum) fev) 
Schwarz No.2 3.11.97 3,700 1 Daimler P1896 12 hy 
Zeppelin LZ1 a 2.7.00 11,300 = 2 Daimler N1899 28 M7 
Zeppelin LZ2 b 10,400 12,200 2 Daimler H4L 160 Wd 
Zeppelin LZ4 « 15,000 - 2 Daimler J+ 210 13.0 
Zeppelin LZ6 d 15,000 16,000 2 Daimler J4L 230 13.0 
Zeppelin LZ7 Deutschland e 19,300 3 Daimler J4F 360 14.0 
Vickers No.1 (22. 5. i1)o 18,800 2 Wolsele 320 14.6 
Zeppelin LZ10 Schwaben f 26.6.11 17,800 16,550 3 Maybach A-Z 435, 140 
Schitte-Lanz wl ‘a’ 17.10.11 20,500 2 Daimler J8L. 480 184 
Zeppelin LZ1 iktoria-Luise g 14.2.12 18,700 3 Maybach B-Y 450 140 
Zeppelin LZ14 (L1) h 71012 22,470 19,500 3 Maybach B-Y 540 149 
Zodiac 13 Spiess 4.13 12,800 16,400 2 Chenu 420 13.5 
Zeppelin LZ18 (L2) i 9.9.13 27,000 840 166 
Zeppelin LZ21 (ZVI) k 10.11.13 20,870 540, 14.9 
Zeppelin LZ22 (ZVI) 1 8.1.14 22,140 540 149 
Schitte-Lanz S.L.2 (S.L.11) ‘b! 28.2.14 25,000 27,000 720 18.2 
Zeppelin LZ24 (L3) m 11.5.14 22,470 540 149 
Zeppelin LZ26 (ZX) n 14.12.14 25,000 540 16.0 
Schitte-Lanz S.L.3 ‘c’ 4.2.15 32,410 840 197 
Zeppelin LZ36 (L9) ° 8.3.15 24,900 540, 16.0 
Zeppelin L238. (L10) Pp 3.4.15 31,900 35,800 720 187 
5 ‘a 9.9.15 35,130 840 197 
q 35,800 960 18.7 
B ‘e’ 35,130 38,780 960 20.1 
Zeppelin nase (L30) £ 55,000 55,200 1440 239 
Vickers No. 25, 180 - 600 16.2 
Zeppelin L: 201 (L42) s # 5 Maybach F 1200 239 
Zeppelin LZ93 (L44) t = 5 Maybach H. 1200 239 
Zeppelin LZ95 (L48) u 5 Maybach H-S-: 1200 239 
Zeppelin LZ100 Ne v 8.8.17 56, 000 - 5 Maybach H-S-Lu 1200 23.9 
chiitte-L “f 10.9.17 56,000 A 5 Maybach F 1200 229 
ickers No.. 23 19.9.17 28,250 = 4 Rolls-Roy 1000 162 
Zeppelin LZ102 (L357) w 26.9.17 68,500 - 1200 239 
Admiralty R27 (23X class) 29.6.18 28,050 = 1200 162 
Zeppelin LZ112 (L70) x 1.7.18 62,200 68,500 B\ 1715 23.9 
Adi ty R31 1.8.18 43,975 - 6 Rolls- Raves Eevle 1800 20.1 
tome R33 6.3.19 55,460 i> 5 Sunbeam Maori IV 1250 196.0 24.0 
in LZ120 Bodensee y 20.8.19 20,000 22,550 4 Maybach Mb IVa 980, 120.8 187 
Vinee R80 19.7.20 35,680 - 4 Maybach Mb IVa 980 162.0 213 
Admiralty R36 1.4.21 60,030 - 5 3 Sunbeam Cossack 
and 2 Ma’ 1540 205.0 240 
RAW R38 (ZR-2) 23.6.21 77,600 > 6 Sunbeam C 2100 211.8 260 
NAF ZR-1 Shenandoah 4.9.23 60,915 ae 6 Packard 1A-1551 1800 207.3 24.0 
Zeppelin LZ126 Los Angeles 27.8.24 70,000 = 5 Maybach VL1 2000 200.0 319 
Zeppelin LZ127 Graf Zeppelin 18.9.28 75,000 5 Maybach VL2 2650 236.6 305 
Metalclad ZMC-2 19.8.29 5,720 7 2 Wright J-5 Whirlwind 440 45.5 160 
RAW R101 14.10.29 141,540 156,000 5 Beardmore Tornado II] 2925 222.9 400 
AGC R100 16.12.29 146,060 “ 6 Rolls-Royce Condor IIIB 4020 216.1 405 
Goodyear-Zeppelin ZRS4 Akron 25.9.31 193,970 - 8 Maybach VL2 4560 239.3 405 
Zeppelin LZ129 Hindenburg 4.3.36 200,000 - 4 Daimler-Benz DB 602 4200 245.0 412 
* Oval section: 14 m by 12 m NOTES cause of confusion with ‘nominal capacity’ 


© Did not fly. Date of leaving shed 
+ Helium 


1 Most published data on airships are unre- 
liable and often contradictory. The figures in the 
above table are taken from what appears to be 
the most reliable source in each case and, as far 
as possible, are mutually consistent. 

2 The capacities quoted are intended to be for 
100 per cent inflation of the lifting gas cells. 
However there are usually wide discrepancies in 
recorded figures for gas capacities. This is be- 








(usually 95 per cent of full) and with the air vol- 
ume of the hull. There are also frequent errors 
of conversion to and from metric units. 

3. ‘Typical gross lift’ is a notional figure derived 
from gas capacity in each case. It is calculated on 
the assumption of 1,160 kg of lift per 1,000 cu m 
of hydrogen or 1,070 kg of lift per 1,000 cu m of 
helium, as the case may be 

4 Sometimes there were quite important dif- 
ferences between individual airships in one class. 
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z BS 3 & g 
Py g >» & iy y 
pe Empty weight & M 5 = PY 
mete eS (hg) = Se § = g 
) ve & g 7 g. 8s a z Main Number Remarks 
as & S23 £2: $8 £ structural built 
Lae 8 ee RE SS FE Ss naterial 
35 1 3,560 4,300 1 Aluminium 1 Crashed on first flight 
8.0 17 10,300 13,100 280 5 ~~ Zn-Al Alloy 1 
8.0 16 9,250 12,050 1,100 7 Zn-Al Alloy 2 
8.017 12,750 17,400 1,450 11/14 Zn-Al Alloy 2 
8.0 17 13,550 17,400 2,000 7/10 Zn-Al Alloy 1 Later 3 engines 
8.0 18 15,600 22,400 1,600 8/20 Zn-Al Alloy 2 
Var 17 19,900 20,500 (1,750) 22/- Duralumin 1 Did not fly 
8.0 17 13,600 20,650 1,450 Zn-Al Alloy 3 
120 7 19,300 23,800 1,060 Wood 1 
8.0 18 15,150 21,700 1,100 Zn-Al Alloy 2 
8.0 18 17,900 26,100 2,300 Zn-Al Alloy 6 
9.0 14 12,875 1,560 Wood 1 At first 1 engine 
8.0 18 20,250 31,350 2,100 Zn-Al Alloy 1 
8.0 17 15,450 24,250 1,900 Zn-Al Alloy 1 
8.0 18 16,850 25,700 1,900 Zn-Al Alloy 2 
120 15 21,000 29,000 2,100 Wood 1 
8.0 18 16,900 26,100 2,200 Zn-Al Alloy 12 
10.0 15 16,800 29,000 3,300 Duralumin 1 
9.0 17 24,400 2,500 Wood 3 
10.0 15 17,800 3,300 Duralumin 2 
10.0 15 20,800 4,300 Duralumin 22 
9.0 18 24,900 Wood 2 
10.0 18 23,650 4,300 Duralumin 12 
9.0 18 22,000 Wood 10/12 
10.0 19 31,400 7,400 Duralumin 17 
91 17 27,100 2,600 Duralumin 1 Later 3 engines 
10.0 18 28,100 10,400 Duralumin 2 
’ 10.0 18 26,900 11,500 Duralumin 2 
10.0 18 25,750 3 Duralumin 5 
15.0 14 25,000 65,000 13,500 Duralumin 10 
10.0 19 27,100 65,000 Wood 3 
91 18 27,000 30,790 3,050 Duralumin 4 Later 3 engines 
15.0 16 27,400 79,500 16,000 Duralumin 2 
91 18 25,000 5 1,700 Duralumin 2 
; 15.0 15 24,700 12,000 /-  Duralumin, 3 Later 6 engines 
12.0 20 31,200 3,200 21/- Wood 2 Later 5 engines 
) 10.0 19 36,900 5 7,750 23/-— Duralumin 2 
: 10.0 12 13,200 23,200 1,700 16/21 Duralumin 2 
10.0 15 22,000 10,300 20/-— Duralumin 1 
) 10.0 20 53,400 12,500 Duralumin 1 With passenger cabin 
) 15.0 14 36,700 10,500 Duralumin 1 
) 10.0 20 35,100 4,200 Duralumin 1 Later 5 engines 
é 15.0 13 42,200 81,300 12,500 Duralumin 1 Later helium-filled 
5 15.0 16 67,100 87,000 10,000 Duralumin 1 Blaugas fuel 
) 1 4,135 6175+ 1,100 Dural and Alclad 1 
) Var 16 91,440 154,280 8,600 Dural and Steel 1 
12.2 15 106,600 159,205 10,200 37/100 Duralumin 1 
5 22.5 12. 111,000 209,2004 11,000 60) Duralumin 2 
15.0 16 130,000 232,000 16,500 40/50 Duralumin 2 
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5. The figures for maximum range in the table 
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figures were often 
quoted for fuel tankages which included fuel 
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6 Performance and load-carrying capabilities of 
8 to operating cond 
pilot technique, weather and climate than 
are heavier-than-air craft. Thus, for example, the 
disposable lift of R101 would have been reduced 
from its average value in Britain by no less than 
11 tons (30 per cent) in the summer months in 
India. There were different operating philosop- 
hies in relation to the use of dynamic lift 
pelin pilots apparently tended to keep their ships 
more in static equilibrium than some others; that 
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Key to Rigid Airship Designations 








Germany: Zeppelin 




























Design Class Works Designation Name] Built at 

Type Number Army Navy remarks 

a - LZ. - - - Manzell 

b - L22 - - it 

b Lz3 - - - is 

b LZ3A ZI - - i 

c LZ4 ‘mi 3 

c LZs ZL - ii 

d LZ6 - ‘2 Friedrichshafen 

d LZ6A - - ‘1 

e - LZ7 - - Deutschland ii 

e - LZ8 Ersatz $ 
Deutschland ; 

f Schwaben class LZ9 atz Z UL - i 

f Schwaben class LZ9A Ersatz ZU rf 

f LZ10 Schewaben ‘ 

g LZA1 Viktoria Luise Ke 

f LZ12 Zul - ‘ 

g LZ13 - Hansa ‘ 

h LZi4 - Li - " 

(Improved Schwaben) 

h (Improved Schwaben) — LZ15 rr 

h (Improved Schwaben) — LZ16 ‘i 

h (Improved Schwaben) — LZ17 - Sachsen i 

h (Improved Schwaben) — LZ17A. - Sachsen 3 

i (Improved Schwaben) — LZ18 L2 7 

h LI class LZ19 Desatz Z I - i 

h L220 ZN - is 

h LZ20A 9 ZV - a 

k Improved L1 class L221 ZNI - i 

1 Improved L1 class L222 ZVI - i 

1 Improved L1 class L223 ZVI - - Ee 

m LZ24 13 - ‘i 

m2 ss L225 DIX - 

n Z XII class L226 ZI - Frankfurt 

m2 L3c L227 - L4 Friedrichshafen 

m2 L3 class L228 LS - if 

m2 L3 class L229 ZX - - i 

m2 L3 class L230 ZXI - Potsdam 

m2 L3 class LZ31 - L6 Friedrichshafen 

m2 L3 class 1.232 - L7 - a 

m2 L3 class L233 - L8 as 

m2 L3 class LZ34 L234 - - Potsdam 

m2 L3 class L235 L235 - Friedrichshafen 

° Z XIl class L236 - Lo - i 

m2 L3 class L237 L237 - - Potsdam 

P L10 class L238 LZ38 - (Million cu ft) Friedrichshafen 

° Z XII class L239 L239 " 

P L10 class LZ40 - L10 (Million cu ft) a 

P L10 class LZA1 Lil x (Lowenthal) 

P L10 class L242 LZ72 - Potsdam 

P L10 class L243 - L12 Friedrichshafen 

P L10 class LZ44 L274 - if (Lowenthal) 

P L10 class LZ45 L13 rs 

P L10 class. L246 - Li¢ ; (Lowenthal) 

P L10 class LZ47 L277 = ii 

P L10 class LZ48 = Lis % (Léwenthal) 

P L10 class L249 LZ79 Potsdam 

P L10 class LZ50 - Lie Friedrichshafen 

P L10 class, LZ51 LZ8i - 7 (Lowenthal) 

P L10 class LZ51A —LZ81 = 
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Design Class Works Designation Name| Built at 

Type Number Army Navy remarks 

P L10 class LZ52 - Li8 Friedrichshafen (Lowenthal) 

P L10 class LZ53 - LI7 " 

P L10 class LZ54 - Lio " 

P L10 class LZ55 LZ85 Potsdam 

P L10 class LZ56 L286 - , 

P L10 class LZS6A — LZ86 - ‘ 

P L10 class L257 L287 - Friedrichshafen (Lowenthal) 

P L10 class LZ57A L287 - ‘5 7 

P L10 class LZS8 LZ88 - Potsdam 

P L10 class LZS8A ——LZ88 L25 i 

q 120 class LZ59 - L20 - Friedrichshafen 

D L10 class L260 L290 - (Million cu ft) Potsdam 

P L10 class LZ60A —-LZ90 - ie 

q LZ61 - L2t - Friedrichshafen (Lowenthal) 

r 1.262 - 130 (Super-Zeppelin) , 

P L263 L293 z (Million cu ft) Potsdam 

P L10 class LZ63A —LZ93 iB 

q 1.20 class LZ64 - L22 - Friedrichshafen (Lowenthal) 

q 1.20 class LZ65 L295 - 7 

q 1.20 class LZ66 - L23 - Potsdam 

q 1.20 class LZ67 LZ97 - - Friedrichshafen (Lowenthal) 

q 1.20 class LZ68 LZ98 - - ¥ i 

q 1.20 class LZ69 - L24 - Potsdam 

q 1.20 class LZ70 Not completed 26 

q 1.20 class LzZ71 LZ101 - - Potsdam 

r L30 class L272 - L31 (Super-Zeppelin) Friedrichshafen (Lowenthal) 

q 1.20 class LZ73 LZ103 - Potsdam 

r 130 class L274 - 32 (Super-Zeppelin) Friedrichshafen 

r 130 class L275 - 137 Staaken 

r 130 class L276 - 133 Friedrichshafen 

q 120 class L277 LZ107 - - Potsdam 

r L30 class LZ78 = L34 (Super-Zeppelin) Friedrichshafen (Lowenthal) 

r 130 class LZ79 - Lal Staaken 

r L30 class L280 - L35 Friedrichshafen 

q 120 class LZ81 LZu1 - - Potsdam 

r 130 class L282 - 136 (Super-Zeppelin) Friedrichshafen 

r L30 class L283 LZ113 Staaken 

r 130 class LZ84 - 138 Friedrichshafen (Lowenthal) 

r 1,30 class LZ85 - Las Staaken 

r 30 class LZ86 - 139 Friedrichshafen 

r 130 class L287 - L47 Staaken 

r 130 class LZ88 - L40 Friedrichshafen 

r L30 class LZ89 L50 Staaken 

r L30 class L290 LZ120 - Ausonia Friedrichshafen (Lowenthal) 

s LZ91 - L42 (Height-climber) i 

s - LZ92 - L43 ‘i 

t - L293 L44 ‘i (Lowenthal) 

t - LZ94 - L46 rr 

u L48 class LZ95 - L48 i 

u L48 class L296 149 3 (Lowenthal) 

u L297 - Ls1 ” 

u L298 - 152 Staaken 

u LA8 class L299 - L54 x 

v L53 class LZ100 0 = L33 Friedrichshafen 

v L53 class LZ101 55 i (Lowenthal) 

w - LZ1020 - Ls7 Afrika-Zeppelin ‘ 

v L53 class LZ103 L56 (Height-climber) __Staaken 

w - LZ104 Ls9 Afrika-Zeppelin . 

v LS3 class LZ105 0 — LS8 (Height-climber) Friedrichshafen 

v L53 class LZ106 L61 i" 

v L53 class LZ107,0 = 162 Italia i; (Lowenthal) 

v L53 class LZ108 = L60 Staaken 

v L53 class LZ109 0 = Lo+ ” 

v L53 class LZu000 = 163 Friedrichshafen 

v L53 class LZ L65 fi (Lowenthal) 

x L70 class LZ1200 L70 - ‘4 

x 170 class L213. = L71 - ‘i 

x 170 class LZ113A L71 - : 

x L70 class L240 = L72 Dixmude 4 (Lowenthal) 
L100 class LZ115 Not built L100 - 

x 70 class LZ116 Not completed —-L73 


* L70 class LZ117 Not completed Li4 
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Design Class Works Designation Name| Built at 
Type Number Army Navy remarks 
x 170 class LZ118 Not completed 75 - 
= 1.100 class (?) LZ119 Not built - = 
y - LZ12000 - Bodensee afen 
y - LZ120A - Bodensee| 
Méditerranée ‘ 
y = LZ121 = Nordstern/Esperia it 


- - LZ122 Not built ~ s 
LZ123 Not built = td 


= 2 LZ124 Not built - 
- - LZ125 Not built ‘Hensley 
Airship’ 
< é LZ126 - ZR3 Los Angeles Friedrichshafen 
LZ127 - Graf Zeppelin i 
- - LZ128 Not built . - 
- - LZ129 0 Hindenburg ‘ 
- - LZ130 Graf Zeppelin I ‘ 


LZ131 Not built 





NOTE: Suffix A has been shown on some Zeppelin Works Numbers to indicate airships with lengthened hulls. At the time, the 
suffix was not always used. 


Germany: Schiitte-Lanz 




































Design Class Works Designation Remarks Built at 
Type Number Army Navy 

‘a - - - Rheinau (Mannheim) 
y - Lu a 

y - S.L. Il ” 

‘el 5 - (Million cu ft) . 

‘2 - Sandhofen (Mannheim) 
‘3 S.L.V Darmstadt 
‘a’ - Mockau (Leipzig) 
‘a'2 S.L. VI Rheinau 
‘el - S.L.8 Mockau 
‘e'2 - S.L.9 ey 

‘3 4 Rheinau 
‘ed XI Mockau 
‘eS $.L.12 - Zeesen 
e'6 S.L. XH Mockau 
‘e7 8 class s Rheinau 
‘8 S.L.8 class xv - a 

‘9 —S.L.8 class XVI - - Mockau 
*e'10 .8 class XVIL - - Zeesen 
“ell S.L.8 class XVIII - Not completed 

‘e'12 —S.L.8 class XIX Not completed 

£1 L.20 class - S (Two million cu ft) Rheinau 
£2 S.L.20 class S.L. XXI - Zeesen 
‘f°3—S.L.20 class - $.L.22 Rheinau 
‘g'1 - Design only - 

“g'2 Not completed - 

wn - Project only - Atlantic 

* Lengthened 

Germany: Schwarz 

Type Built at Remarks 

No.1 Volkhov, near St Petersburg Did not fly 

No.2 ‘Tempelhof, Berlin Crashed on first flight 

France: Zodiac 

Type Built at Remarks 





13 Spiess Saint-Cyr, Paris 
13A Spiess ‘Type 13 lengthened 
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United Kingdom 
Manufacturer Class Designation Name| Built at 
Registration 

Vickers - No.1 Mayfly Barrow-in-Furness 
Vickers 9 class No.9 f 
Armstrong Whitworth No.14 Not built 
Armstrong Whitworth No.15 Not built 
Vickers 23 class No.23 - Barrow-in-Furness 
Beardmore 23 class No.24 = Inchinnan 
Armstrong Whitworth 23 class No.25 = Selby 
Vickers 23 class R26 ca Barrow-in-Furness 
Beardmore 23X class R27 = Inchinnan 
Beardmore/ Vickers 23X class R28 Not completed 
Armstrong Whitworth R29 - Selby 
Armstrong Whitworth R30 Not completed 
Short Brothers 31 class R31 - Cardington 
Short Brothers 31 class R32 _ 7 
Armstrong Whitworth 33 class R33 G-FAAG Selby 
Beardmore 33 class R34 = Inchinnan 
Armstrong Whitworth R35 Not completed 
Beardmore 36 class R36 G-FAAF Inchinnan 
Short Brothers/Royal Airship 

Works R37 Not completed 
Royal Airship Works 38 class R38 ZR-2 Cardington 
Armstrong Whitworth R39 Not completed 
Armstrong Whitworth R40 Not completed 
Beardmore R41 Not built 
Vickers 80 class R80 = Barrow-in-Furness 
Vickers R81 Not built 
Airship Guarantee Co = R100 G-FAAV Howden 
Royal Airship Works = R101 G-FAAW Cardington 
Royal Airship Works R101* G-FAAW ¥ 
Royal Airship Works - R102 Project only 
* Lengthened 
United States of America 
Manufacturer Works USN Name Built at 

Number Designation 

Naval Aircraft Factory ZR-1 Shenandoah Lakehurst 
Royal Airship Works R38 ZR-2 = Cardington 
Zeppelin LZ126 ZR-3 Los Angeles Friedrichshafen 
Goodyear-Zeppelin GZ-1 ZRS4 Akron Akron 
Goodyear-Zeppelin GZ-2 ZRSS5 Macon ” 
Metalclad A8282 ZMC-2 ‘Tin Ship’ Detroit 
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Appendix 7 
Rigid Airship 
Projects 








This book is concerned with the 
approximately fifty different 
types of rigid airship which were 
built and flown between 1893 and 
1940, Account has not been taken 
of the numerous designs which 
were projected or partly built in 
the years before 1893, In addition 
no mention has been made of 
projects which appeared along- 
side the successful programmes 
but which failed themselves to 
achieve success. Nor has attention 
been given to the relatively insig- 
nificant projects which have ap- 
peared since 1940, 


Early Proposals 

Ideas for the construction of con- 
trollable lighter-than-air vessels 
began to appear soon after the 
first practical balloons were suc- 
cessfully demonstrated in 1783, 
Envelopes of better aerodynamic 
shape than the spherical balloon 


were the obvious first step 
(Meusnier, 1784). A_ stiffened 
(semi-rigid) envelope (Lippich, 
1812) was another. Numerous 


projects up to the end of the 
Nineteenth Century proposed 
large, often cylindrical, metal 
hulls with conical ends (Prosper 
Mellor, 1851, Ganswindt, 1883 
and Boyman, 1886). The idea of 
a metal envelope covered in sheet 
copper (Dupuis-Delcourt, 1843) 
or other metal was a popular for- 
mula although it seemed imprac- 
tical for reasons of weight until 
the suggested use of aluminium 
(Schwarz, 1884 and Stedman, 
1888). A number of pioneers pro- 
posed a sectional envelope (Cay- 
ley, 1837) or one containing 
numerous separate gas cells (Va- 
naisse, 1863 and Spiess, 1873). 
Other useful ideas, later incorpor- 
ated in many successful airships, 
were the rigid attachment of car 


to envelope (Kramp, 1785) and 
the mounting of propellers on the 
sides of the hull (Yon, 1865). 

The establishment in the 1870s 
of government committees in sev- 
eral countries to study the mili- 
tary possibilities of aeronautics 
provided a significant impetus to 
more practical airship projects. 
Thus, in 1873, Count Zeppelin 
first began to think about airships 
and soon produced his initial ‘fly- 
ing-train’ idea and his long, cy- 
lindrical configuration, Within 
ten years Schwarz was proposing 
his aluminium airship. 





Uncompleted Projects 


At the peak of rigid airship devel- 
opment during the First World 
War there were four design teams 
- Zeppelin, Schiitte-Lanz, Vic- 
kers and the British Admiralty — 
active in Germany and Britain. 
In the early 1920s the Schitte- 
Lanz team was wound up. Its 
loss was compensated in the 
United States by the formation of 
a team at the Naval Aircraft Fac- 
tory in Philadelphia and at Lake- 
hurst. In Britain the team at the 
Admiralty was amalgamated with 
a small group from Short Bro- 
thers (which had designed the 
wooden R31 and R32) to form 
the Royal Airship Works drawing 
office at Cardington. The Vickers 
team was also in existence still 
and became the design office of 
the Airship Guarantee Company, 
a Vickers subsidiary, after the 
launching of the 1924-30 British 
rigid airship programme. After 
the R101 disaster in 1930 this 
programme was abandoned. 

Zeppelin in Germany and 
Goodyear-Zeppelin in the United 
States survived but only until the 
end of the decade. All these or- 
ganisations were primarily con- 
cerned with the designs described 
in this book. However, an im- 
portant part of their effort was 
devoted to programmes which 
were never completed. Some of 
these are listed here. 





Zeppelin: LZ115 (L66), LZ116 
(L68), LZ117  (L73), 
LZ118 (L67), LZ119 


(L69 or L100), LZ122, 
LZ123, LZ124, LZ125, 
‘Hensley Airship’, 
LZ128, LZ175 (108,000 
cu m), Zeppelin Types 
1-5, LZ131, LZ132. 
Schiitte-Lanz: S.L. Type ‘g’l, S.L. 
Type ‘g’2, S.L. Atlantic. 
Vickers: Mayfly successor, Nos.14 
and 15, R28, R81, Vic- 
kers Types I-IV. 
Admiralty: ‘A’ Design, ‘Y’ Class. 
US Naval Aircraft Factory: US 





Navy JNAB design 
(1917), USN No.60, 
Burgess ‘Ultimate Air- 





ship’, Burgess ZRV, 

Royal Airship Works: (out of Ad- 
miralty and Shorts). 
Short projects in 1916 
and 1918, R102, R103, 
R104, 

Airship Guarantee Company: (out 
of Vickers), R100 devel- 
opment, AGC Atlantic 
project. 

Goodyear-Zeppelin: ZR-6, ZRN. 
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Appendix 8 
Atlantic Zeppelin Service Schedules 
—— 








The following pages are reproductions of schedules published in 1936 and 1937 by Deutsche 
Zeppelin-Reederei. 

1, Europe-South America schedules published March 1936 

2. Europe-South America schedules published June 1936 

3. Note on Hindenburg sailings and timetable cover June 1936 

4. Sailings to United States and South America published March 1937 
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Special Zeppelin Sailings | DEUTSCHE ZEPPELIN-REEDEREI 
to the United States 1936 
by the Airship Hindenburg” 


From June to October a number of speci 
Zeppelin voyages will be made from Frani 
fort to Lakehurst (near New York). ‘The 
duration of the trip from Frankfort to 
Lakehurst is 2-3 days, while the return 
trip, after a stay at Lakehurst of 1—2 days, 
requires about 2—2% days. The fare from 
Frankfort to Lakehurst or v ais 

















RM 1,000, 





Lakehurst 


Arrive 





fort 












3} 19720 June 22/23 June | 23/24 June 26/27 June 
4] 29/80 June 2/8 July | 3/4July 6/7 July 
5} 10/11 July 18/14 July | 14/25 July 17/18 July 
6] 5/6 Aug. 8/9 Ang. | 9/10 Aug. 12/13 Aug. 
7| 15/16 Aug. 18/19 Aug. | 19/20 Aug. 22/23 Aug. 
8 

9 

0 





17/18 Sept. 20/21 Sept. | 21/22 Sept. 24/25 Sept. 
26/27 Sept. 29/80 Sept. } 80/1 Oct. 8/4 01 
5/6 Oct 8/9 Oct. | 9/10 Oct. 12/18 Oct. 


Subject to change without notice 


illustrated folder 











Ask for our spe 


For information and reservations apply 


a the offices of the 


Deutsche Zeppelin-Reederei 


10, Uindenburgplate, Frankfort 0. M. 





ppelinreeder 


Hamburg-American Line 











Hamburg 
SAILINGS 
and Fares 
GENERAL AGENTS of the TRANSATLANTIC SERVICE of the 


HAMBURG-AMERICAN LINE | DEUTSCHE ZEPPELIN-REEDEREI 
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Europe—South America 


Europe-North America 


1937 Special Sailings of the Deutsche Zeppelin-Reederei to the United States 1937 Schedule for South American Service of the Deutsche Zeppelin-Reederei 









‘Service of the Deutsdie Zeppelin-Reederel 
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